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OHIO IRRIGATION GUIDE 

This guide i s  based on best informat ion ava i l ab le  a t  t h i s  time on s o i l s ,  
crops and water factors  necessary f o r  the planning, design and manage- 
ment o f  s p r i n k l e r  i r r i g a t i o n  systems. With the development o f  more 
research and b e t t e r  instrumentation, changes may be made i n  fu tu re  
pub I icat ions.  L 

Conservation i r r i g a t i o n  means applying i r r i g a t i o n  water according t o  
the needs o f  the crops, the water-holding capaci ty and the intake r a t e  
o f  the s o i l .  

The guide provides informat ion regarding the normal depth o f  i r r i g a -  
t ion,  the gross water appl icat ion,  the r a t e  o f  appl icat ion,  the maxi-  
mum t i m e  allowed to  complete an i r r i g a t i o n  i n t e r v a l  and monthly and 
seasonal crop water requirement. 

THE NEED FOR IRRIGATION 

A. C I  imatic Factors 

Ohio has a marked d i v e r s i t y  o f  c l i m a t i c  condi t ions.  There i s  an 
&degree range i n  mean annual temperatures over the s t a t e  - from 4 9 O  i n  
several places i n  the northeast up t o  57O i n  the extreme south. Normal 
annual p r e c i p i t a t i o n  ranges from less than 30 inches a t  Put-in-Bay to 
more than 44 inches i n  pa r t s  o f  C l i n ton  and Highland counties. Cl imat ic  
d i f ferences can be explained mainly on the basis o f  topographic var ia-  
t i o n s  and the range o f  l a t i t ude .  

Both temperature and r a i n f a l l  con t r i bu te  t o  the demand f o r  moisture by 
growing crops and the need f o r  i r r i g a t i o n .  Favorable temperatures are 
an obvious requirement f o r  p lant  development, as i s  the a v a i l a b i l i t y  
o f  an adequate supply o f  s o i l  moisture. I t  i s  general ly conceded that  
growth condi t ions are most favorable when the level  o f  s o i l  moisture 
l i e s  somewhere between f i e l d  capaci ty and 50 percent o f  ava i l ab le  
moisture. This optimum cond i t i on  i s  seldom maintained i n  Ohio through- 
out the growing season because sumner r a i n f a l l  normally i s  i n s u f f i c i e n t  
to  make up f o r  evapotranspirat ion. S o i l  moisture def ic iency can be 
corrected by i r r i g a t i o n ,  provided i t s  i n s t a l l a t i o n  and operat ion i s  
economically j u s t i f i a b l e ,  and an adequate supply o f  water I s  avai lable.  
Cl imat ic  and hydrologic factors  should be considered when deciding 
whether or not t o  invest i n  an i r r i g a t i o n  system. 

Basic informat ion needed 1ncludes.a reasonable estimate o f  successive 
weekly amounts o f  water needed t o  maintain optimum moisture condi t ions 
i n  the r o o t  zone. Knowing the probable consumptive demand i t  i s  pos- 
s i b l e  t o  determine the p r o b a b i l i t y  that  natura l  r a i n f a l l  w i  I provide 
the required amount o f  water, and how much water would have t o  be added 
by i r r i g a t i o n  i n  a normal season. 

The normal d i s t r i b u t i o n  o f  r a i n f a l l  over the s t a t e  a t  any p - r t i c u l a r  
per iod can be found i n  Research Bublet ins '  1005 and 1017. 1' 2' 
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' The t yp i ca l  moisture s i t u a t i o n  dur ing spr ing and sumner months. i s  one 
o f  increasing d e f i c i t s  w i t h i n  the r o o t  zone. Only i n  the very wet test  
o f  sumners i s  moisture maintained above the 50 percent o f  avai lab le 
moisture; and i n  a normal season s o i l  moisture general ly i s  reduced to  
about 20 percent o f  ava i l ab le  moisture by the end o f  August. The need 
f o r  i r r i g a t i o n  i n  Ohio i s  d i c ta ted  by t h i s  f a i l u r e  o f  natura l  r a i n f a l l  
p l u s  s tored s o i l  moisture t o  supply the evapotranspirat ion demand f o r  
des i red q u a l i t y  y ie lds.  

8 .  Typical Water Requirements o f  Crops Under l r r i a a t i o n  

F ie lds  planted to corn i n  spr ing remain e s s e n t i a l l y  bare u n t i l  l a t e  
June when p lan ts  have grown large enough t o  t ranspi re  s i g n i f i c a n t  amounts 
o f  water. During t h i s  per iod a s i g n i f i c a n t  amount o f  water i s  l o s t  by 
surface evaporation, and e x t r a c t i o n  takes place mainly from the top foot  
o f  s o i l .  Hence the greater p a r t  o f  the s tored water supply remains in- 
t a c t  f o r  l a t e r  use when the crop need f o r  moisture i s  greatest. A s  the 
pe r iod  o f  r a p i d  growth s t a r t s  about the end o f  June the demand f o r  mois- 
t u r e  due t o  t ransp i ra t i on  increases u n t i l  a maximum r a t e  i s  a t ta ined by 
the t h i r d  week o f  July. This maximum i s  maintained by the corn crop un- 
t i l  the reproduct ive stage begins i n  l a t e  Ju ly  o r  August, a f t e r  which 
there i s  a graded decl ine. 

F igure I gives an i nd i ca t i on  o f  the amount o f  water requi red every week 
i n  a normal season t o  maintain s o i l  moisture above the 50 percent level  
o f  a v a i l a b i l i t y .  These amounts are shown by the curve which peaks i n  
Ju l y  and August. Values represent est imates der ived i n i t i a l l y  from 
lysimeter records a t  the ARS s t a t i o n  near Coshocton, Ohio, and adjusted 
t o  f i t  the probable needs under near optimum moisture condit ions. The 
second curve shows by weeks and percentage p r o b a b i l i t y  that  natura l  r a i n -  
f a l l  w i l l  provide the indicated amounts o f  water each week dur ing the 
season. Note that  the chances are less than 3 - 5 0  throughout most o f  the 
growing season, the lowest probab! l i ty  being i n  midsumner. Although 
l i t t l e  q u a n t i t a t i v e  informat ion i s  ava i l ab le  t o  prove i t ,  t h e r e  i s  reason 
t o  bel ieve tha t  s i m i l a r  re la t i onsh ips  between evapotranspirat ion'and 
e f f e c t i v e  r a i n f a l l  e x i s t  f o r  o ther  spring-planted crops in  Ohio.. 

C. Frost  and Freezinq Temperature 

The length o f  the growing season i s  customari ly defined as the number 
o f  days between the l as t  k i l l i n g  f r o s t  i n  spr ing and the f i r s t  i n  autumn. 
Since weather observers do not always agree whether t o  r a t e  a given f r o s t  
s i t u a t i o n  as " k i l l i n g " ,  the Weather Bureau has adopted the more ob jec t i ve  
c r i t e r i o n  o f  32' F. a t  the %foot height as the s p e c i f i c a t i o n  f o r  a " k i l l -  
i n g  f rost . "  Figures 2 and 3 show respect ive ly  the average l a s t  dates o f  
32-degree temperatures i n  spr ing and'the f i r s t  i n  autumn. Note that  the 
d i s t r i b u t i o n  on both maps are s i m i l a r  and are r e l a t e d  t o  the d i s t r i b u t i o n  
o f  mean growing season temperatures. Frosts  occur l a t e r  i n  spr ing and 
e a r l i e r  i n  f a l l  over h i l l y  sect ions than i n  areas having more level  
t e r r a i n .  
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Dates quoted on these maps are averages, represent ing the 50 percent ' 

p r o b a b i l i t y  leve l  f o r  32 degree temperatures. For some purposes 
h igher  or lower temperature thresholds are more important; also in- 
format ion about d i f f e r e n t  leve ls  o f  p r o b a b i l i t y  may be useful.  Hence, 
f o r  those in terested i n  corresponding dates f o r  temperatures other 
than 32O, or in  dates associated w i t h  o ther  degrees o f  r i s k ,  the 
fo l l a r r i ng  conversion tab les are provided. 

Table I 
To convert from average dates f o r  32O 

freeze t o  those for indicated temperetures 

Thresho I d temperature Svr  i nq Au tu rn  

36 degrees F. 
28 degrees F. 
24 degrees F. 
20 degrees F. 
16 degrees F. 

Dearee o f  Risk 

2 percent 
25 percent 
75 percent 
98 percent 

add I 3  days subtract  12 .days 
subtract  14 days add I3 days 
subtract  29 days add 27 days 
subtract  42 days add 39 days 
subtract  54 days add 51 days 

Table 2 
To convert from 50 percent 

p r o b a b i l i t y  to other  degrees o f  r i s k  

Svr i ng Au t umn 

add 26 days sub t r s c  t 24 days 
add 8 days subtract  8 days 

subtract  8 days add 8 days 
subtract  26 days add 24 days 

0.  Economic Factors 

The primary fac to rs  f o r  a successful i r r i g a t i o n  p ian Include: 
( 1 )  adequate water supply which can be developed a t  a reasonable cost, 
(2 )  adequate labor t o  i n s t a l l  and operate the i r r i g a t i o n  system, ( 3 )  
s u f f i c i e n t  c a p i t a l  to provide the necessary f a c i l i t i e s  and equipment, 
and ( 4 )  a favorable r e t u r n  from i r r i g a t i o n .  In  add i t i on  t o  these factors  
o t h e r  considerat ions are the p o s s i b i l i t y  f o r  use o f  the i r r i g a t i o n  
system f o r  a p p l i c a t i o n  o f  f e r t i l i z e r  and insect ic ides,  for  f i r e  pro- 
t e c t i o n  o f  the farmstead, and f o r  f r o s t  p ro tec t i on  o f  the crops. 

Water Suvvly 
The quan t i t y  o f  water requi red f o r  i r r i g a t i o n  w i l l  depend 
la rge ly  on the length o f  the drought per iod and the crop and 
s o i l s  cha rac te r i s t i cs ,  but  w i l l  usua l l y  vary from 6 t o  I8 inches 
o f  water per acre i r r i ga ted .  

Labor 
Hand moved s p r i n k l e r  i r r i g a t i o n  systems have a high labor r e -  
quirement, p a r t i c u l a r l y  w i t h  t a l l  growing crops, such as corn. 
A t  least  one man-hour o f  labor per acre i s  requi red t o  move a 
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- 7296  
s p r i n k l e r  i r r i g a t i o n  system in  corn. Assuming tha t  three 
i r r i g a t i o n s  are required, the t o t a l  labor requirement f o r  
i r r i g a t i o n  would be about the same as f o r  a l l  o ther  t i l l a g e  
and harvest ing operations f o r  a crop, such as corn. Mechani- 
c a l  move and s o l i d  se t  s p r i n k l e r  systems can g rea t l y  reduce 
the I abor requ i remen t . 

( 3 )  Capital  
The c a p i t a l  investment f o r  sp r ink le r  i r r i g a t i o n  systems w i l l  
normal'ly be from S I00 t o  $206 per acre, b i t  f o r  sol i d  set  
systems t h i s  cost may range from $600 t o  S1,OOO per acre. The 
f i x e d  costs, such as in terest ,  depreciation, etc., occur each 
year regardless o f  whether the i r r i g a t i o n  system is  used. 
The cost  o f  development o f  the water supply a l so  must include 
cost  Items such as wel ls,  'pumps and rese rvo i r  s i t e  construct ion.  
The cost  per acre w i l l  be greater on small acreages. 

(4 )  Returns 
Some add i t i ona l  cost  i n  seed and f e r t i l i z e r  may be requi red f o r  
crops under i r r i g a t i o n .  A l ternate p o s s i b i l i t i e s  f o r  investment 
should be considered i n  comparison w i t h  i r r i g a t i o n .  These 
could be f o r  add i t i ona l  f e r t i l i z e r ,  a surface or t i l e  drainage 
system, or erosion con t ro l  works, such as levees along streams 
i n  f l ood  p l a i n  areas. I f  optimum use i s  not  being made o f  
f e r t i l i z e r s  and good drainage practices, these a l t e r n a t i v e s  
may prove t o  be m r e  p ro f i t ab le .  

One o f  the most d i f f i c u l t  f ac to rs  t o  evaluate i s  the expected 
increase i n  income from i r r i g a t i o n .  I n  general, t ruck crops, 
such as str lmberr ies,  potatoes, beens and sweet corn have shown 
ra the r  h i g h  re tu rns  because o f  the h igh income per acre and the 
increase and un i fo rm i t y  o f  crop qual i ty .  Crops such as f i e l d  
corn and pasture f o r  da i r y  c a t t l e  have general ly not shown h igh 
returns.  Recent s tud ies i n  Ohio have shown tha t  sweet corn 
general ly w i l l  g ive a h igh return, but  the returns are lower for 
tobacco, f l e t d  corn, and orchards. Higher re tu rns  may be ex- 
pected from sandy soils or those which have a low water-holding 
capacity. These s o i l s  do not provide s u f f i c i e n t  moisture t o  
ca r ry  the crop through a prolonged drought period. These coarse 
textured s o i l s  are fo r tuna te l y  best s u i t e d  f o r  vegetable crops. 
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BASIC CONSIDERATIONS 

Irrigation should be undertaken only after evaluating all factors relating 
to the costs and returns. In appraising potential irrigation returns, 
growers should recognize that the practice may be used not only to in- 
crease income, but also to facilitate better management and provide for 
improved operating efficiency. 
tion must be sufficient to Justify the cost of purchasing and operating 
the irrigation system and leave a reasonable return on the investment. 

For the farmer, the benefit from irriga- 

For the greenskeeper, park or landscape superintendent, nurseryman, and 
home owner, irrigation must be done to maintain the desired growth or 
appearance of grass, ornamental plants, flowers, and garden crops with 
minimum cost and effort. 

To obtain the maximum benefit from irrigation, the following conditions 
must be considered: 

A.  Water S U P P ~ V  

Irrigation requires large volumes of water. In evaluating the water 
supply, the landwner should assure himself that it is ( 1 )  adequate to 
meet the requirements of the acreage of crops to be,irrigated, (2) of 
suitable quality, ( 3 )  dependable, (4 )  economically accessible, and ( 5 )  
legally available. 

In general there are three sources of water for irrigation purposes. 
These are underground supplies pumped from wells or pits, flowing streams, 
and surface reservoirs. 

1 .  Wells 

The Division of Water, Ohio Department of Natural Resources, 
Columbus, Ohio can supply information on ground water possibili- 
ties for most.areas of the state. Sometimes ground water contains 
salts in such high content as to make it unsuitable for irriga- 
tion. Tests should be made of the proposed water supply if water 
quality is questionable. It i s  a good practice to install a test 
well to determine if  an adequate water supply is available. 

2. Streams 

Only streams that have an adequate flaw during drought periods 
can be used as a direct source of water for irrigation. 
streams carry sewage and industrial waste that contain chemicals 
that may be harmful to plant growth. 

Some 

3. Reservoirs 

The reservoir storage capacity must be sufficient to meet crop 
needs, losses due to evaporation and seepage during the irriga- 
tion season, and the sediment storage requirement for the ex- 
pected life of the structure. The storage requirement will vary 
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i n  accordance w i t h  the needs o f  the d i f f e r e n t  crops, the acreage 
t o  be i r r i g a t e d  and the an t i c ipa ted  recharge o f  the rese rvo i r  
between i rr i gat ions. 

B. Erosion Control 

I f  the area under considerat ion i s  on s lop ing land appropr iate con- 
servat ion measures are,needed f o r  p ro tec t i on  against erosion damages and 
possible aggravation o f  t h i s  hazard by i r r i g a t i o n .  These may include such 
pract ices as contour plant ing,  terraces, diversions, cover cropping, s t r i p  
cropping and mulching. 

C. Drainaae 

Land t o  be i r r i g a t e d  must be w e l l  drained t o  achieve the s a t i s f a c t o r y  
resu l t s ,  I f  the land i s  not n a t u r a l l y  w e l l  drained, adequate surface and 
in ternal  drainage must be provided. This might include such pract ices as 
t i l e  drains, open ditches, and land grading. Consult the Ohio Drainage 
Guide 31 f o r  add i t i ona l  information. 

D. Fer t  i I i t y  Manasement 

The s o i l  f e r t i l i t y  program should be based on s o i l  t e s t s  and p l a n t  
ana I yses. 
formation. 

Consu I t the cu r ren t  Oh i o  Agronomy Gu i de 4/ f o r  add i t iona I i n- 

E. Plants and Plant Populat ion I 
I n  order t o  maximize i r r i g a t i o n  benefi ts, h igh q u a l i t y  seed, adapted 

p lant  var ie t ies,  and recomnended p lant  populat ion should be used. Consult 
t h e  current  Ohio Agronomy Guide f o r  addi t ional  information. 

F . m s e r v a  t i on Cropp i nq Sys tem 

The sequence of crops grown and the use o f  crop residue and cover 
crops are important considerat ions i n  obta in ing maximum re tu rns  from the 
i r r i g a t i o n  equipment. The w i s e  use o f  these pract ices improves s o i l  
structure,  t i l t h  and intake cha rac te r i s t i cs  o f  the s o i l .  Good c u l t u r a l  
pract ices are necessary f o r  the con t ro l  o f  weeds, insects and p lan t  d i -  
seases. Consult the current  Ohio Agronomy Guide&/ f o r  add i t i ona l  i n fo r -  
mat ion. 

G. System Capacity I 

Whatever the source o f  water, the system must be able t o  d e l i v e r  an 
i r r i g a t i o n  stream large enough t o  cover the i r r i g a t e d  area i n  the a l l o t e d  
i n te rva l  or, conversely, the s i z e  of the i r r i g a t e d  area should be l i m i t e d  
t o  what can be adequately i r r i g a t e d  by the ava i l ab le  i r r i g a t i o n  stream. 1 

The r a t e  of dependable f low requi red depends on the s i ze  o f  the area irri- 
gated, the water requirements o f  the crops dur ing per iods o f  peak use, the 
e f f i c i e n c y  o f  the i r r i g a t i o n  system and the time a l l o t t e d  f o r  one 
i rr i gat ion. 1 



' ;  The required r a t e  f o r  sp r ink le r  systems can be determined by the formula, 
Q = 453 AD 

FH 

Where : 
Q = the requi red f low i n  gpm 
A = the i r r i g a t e d  area i n  acres 
D = the gross depth o f  app l i ca t ion  i n  inches 
F = the number o f  days t o  complete one i r r i g a t i o n  over the area A 
H = the actual  operat ing hours per day 

The flaw, Q, must be increased t o  compensate fo r  losses that occur i n  the 
water -d is t r ibu t ion  system. 
system a t  n igh t  as w e l l  as i n  the dayl ight .  

The f lav,  Q, can be reduced by operat ing the 

Here i s  an example o f  the use o f  the above equation: I f  a farmer wants t o  
apply 2.4 inches o f  water by sp r ink le rs  on a 40-acre f i e l d  i n  6 days, irri- 
gat ing  12 hours a day, the requi red r a t e  o f  f law would be computed as 
f o l  Ions: 

Q = 453 X 40 acres X 2.4 inches = 604 gpm 
6 days X 12 hours 

I r r i g a t i n g  18 hours per day, the requi red r a t e  of  f low would be about 
400 gpm. 

H. l r r i q a t i o n  Water Manaqemnt 

The p rac t i ce  o f  " I r r i g a t i o n  Water Management'' requi res that :  ( 1 )  the 
quan t i t y  of water appl ied i s  determined by the moisture hold ing capaci ty 
of the so i l  and the needs o f  the crop and (2) water i s  appl ied a t  a r a t e  
and i n  such a manner tha t  the crops can use i t  e f f i c i e n t l y  and s i g n i f i c a n t  
runo f f  and erosion does not occur. To meet these objectives, the i r r i g a t o r  
m s t  have enough water t o  meet crop needs, an adequate system, and i t  must 
be operated proper I y . 

IRRIGATION METHODS 

There are three general methods o f  i r r i g a t i o n  - spr ink ler ,  surface 
and subsurface i r r i g a t i o n .  

A l m o s t  a l l  i r r l g a t i o n  i n  Ohio i s  the sp r ink le r  type, where water i s  d is-  
t r i b u t e d  under pressure through a system of  por tab le pipes and spr ink led  
on the crop by r o t a t i n g  sp r ink le r  heads or perforated pipe. 
heads and nozzles, ava i lab le  i n  a wide va r ie t y  o f  s i res,  apply water a t  
r a t e s  o f  less than 0.1 inch per hour t o  more than 2 inches per hour. Per- 

Spr ink ler  

fo ra ted  pipe i s  usua l ly  
in take  rate.  

Sp r ink le r  main l ines  are 
year a f t e r  year. Sprink 
day dur ing the i r r i g a t i o  

imi ted t o  small areas where the s o i l  has a h igh 

sometimes bur ied where the same area i s  i r r i g a t e d  
e r  l a t e r a l s  are usual ly  moved a t  least  once each 
cycle. This i s  done by hand o r  w i t h  sel f -pro- 

p e l l e d  equipment t o  reduce labor. Another labor-saving approach i s  the use 
of " s o l i d  set"  systems where there Is  enough pipe t o  i r r i g a t e  the e n t i r e  
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area w i  thou t moving any pipe. 
p ro tec t i on  and crop cool ing.  Harnever, due to the h igh  i n i t i a l  cost i t s  
use i s  l i m i t e d  t o  h igh value crops. 

This system can readi  l y  be adapted 'io f 

Surface i r r i g a t i o n  involves the d i s t r i b u t i o n  o f  water over the s o i l  sur- 
face e i  ther i n  a sheet o r  i n  furrows. 
t o  ob ta in  the proper s o i l  slope f o r  un i form water d i s t r i b u t i o n .  Surface 
i r r i g a t i o n  i s  c o m n  In  the western states, but  there i s  very l i t t l e  i n  
Ohio. 
system on deep s o i l s  where exposure o f  subsoi l  i s  not a problem. 

Land level  ing i s  general l y  requi red 

I t  may be p r a c t i c a l  here when combined w i t h  a surface drainage 

Sub- i r r igat ion systems d i s t r i b u t e  water below the ground surface through 
a system o f  d i tches or t i l e  dra ins r a t h e r  than on top o f  the ground. To 
be successful, the topography must be near ly  level  and smooth. The upper 
s o i l  layers must be permeable t o  permit f ree and r a p i d  water movement 
l a t e r a l l y  and v e r t i c a l l y .  The permeable sol  I must be under la in  by r e l a t i -  
v e l y  impervious s o i l  on which an a r t i f i c i a l  water tab le can be b u i l t  up. 
FeW 
so i 

Tab 
f ac 

areas such as t h i s  e x i s t  i n  Ohio. 
s i s  one example. 

Control led drainage o f  c e r t a i n  muck 

DESIGN OF SPRINKLER I R R I G A T I m  SYSTEMS 

es 3 and 4 provide the necessary information on crops, solls and water 
o rs  necessary f o r  the design o f  a s p r i n k l e r  i r r i g a t i o n  system. 

Table 3 - b i s t u r e  e x t r a c t i o n  depth and design moisture use ra tes  o f  
d i f f e r e n t  crops f o r  design of  i r r i g a t i o n  systems. 

Headina I - Crops 

Headina 2 - Normal depth t o  l r r i q a t e  f o r  s o i l s  o f  d i f f e r e n t  tex- - ture. .Depths are given f o r  sandy s o i l s  and f o r  f i n e  
and medium texture. I t  i s  the recomnended depth o f  
s o i l  i n  which moisture must be kept r e a d i l y  ava i l ab le  
f o r  the p lan t  and should not be confused w i t h  the max- 

. imum r o o t  zones. 

Headinq 3 - Desiqn Use Rate. The design value represents the 
amount o f  water i n  inches per day used by the crop 
dur ing the per iod when the maximum amount o f  moisture 
i s  being ext racted from the s o i l .  



TABLE 3 
MOISTURE EXTRACTION DEPTH AND DESIGN MOISTURE USE RATES OF 

DIFFERENT CROPS FOR DESIGN OF IRRIGATION SYSTEMS 
( 1 )  ( 2 )  (31 

. *  . .  

2/ 
Normal Depth t o  I r r i g a t e  

Heavy t o  
Fine Sandy 1/ 

f o r  Soi I s  w i t h  Texture - 
I /  Crop - 

In. In. 
Truck Crops 

Beans 18 24 
Beets 18 24 
Cabbage 18 24 

Cucumber & Muskmelons I8  24 
Lettuce 6 12 
Wa terme Ions 24 36 
Onions, bunch 6 12 
Onions, dry  12 18 
Peas 12 24 
Rad i shes 6 12 
Tom toes 24 36 

Corn, Sweet & F i e l d  24 36 
Grass Sods ( f o r  s a l e )  6 12 
Pots toes I8  36 
Soybeans 24 36 
Sugar Beets 24 36 
Tobacco 18 24 
Pasture and Meadow 

Ce I ery 6 12 

S h a l l d :  Ladino clover, 
Red clover, Timothy,etc. 18 30 

Deep: A l f a l f a ,  Brome,etc. 24 36 

Bramb les 24 36 
24 36 
12 18 

Grapes 
S trawberr i es 
Trees 36 48 

Nursery I2  18 

F r u i  t 

Design Use 
Rate 41 

In./day 

0.20 
0.20 

.20 
0 2 5  
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.25 

0.30 
0.25 
0.30 
0.30 
0.30 
.30 

.30 

.30 

.20 

.a 

.25 

.25 . 25 

- I /  Values f o r  o ther  crops can be estimated from those given i n  th is 
table. 
Depth o f  i r r i g a t i o n  represents the s o i l  depth from which most o f  
the crop needs f o r  water are supplied. I t  i s  not the r o o t  depth. 

31 The fo l l ow ing  soil groups are considered "sandy". 
I84 855 932 938 953 
276 .922 935 952 958 9381 

256 and 275. 
The fo l l ow ing  s o i l s  have sandy loam or loamy sand surface horizons: 

A l l  o ther  s o i  I groups are " f i n e  and medium". 

water demand by the crop and by d i r e c t  evaporation. 
- 4/ Average r a t e  f o r  several days dur ing the per iod o f  most r a p i d  

12 

. .  



Table 4 - Ohio S o i l s ,  Crops and W a t e r  Fac tors  Used i n  Desiqn o f  
I rr i q a t  i o n  Systems. 

Headinq I - Soil Group. The s o i l  types i nd i ca ted  on s o i l  survey maps 
a re  l i s t e d  i n  bo th  a lphabe t i ca l  and numerical o rde r  i n  the 
appendix. The s o i l  types have been grouped i n t o  the Ohio 
S o i l  Management Groups. The group numbers are i nd i ca ted  i n  
t h i s  column. 

Headinq 2 - Desc r ip t i on  o f  S o i l  GrouD. A few o f  the dominant s o i l s  i n  
each group are  mentioned. 

Headinq 3 - Mois tu re  E x t r a c t i o n  Depth, Inches. The l i s t e d  depths o f  
6, 12, 18, 24, 30, 36 and 48 inches are  used t o  correspond 
w i t h  the normal c rop  mois tu re  e x t r a c t i o n  depth groupings as 
shown 7n Table 3, heading 2. These are  the depths from which 
e s s e n t i a l l y  a l l  o f  the mois tu re  i s  ob ta ined f o r  v igorous 
p l a n t  growth. 

Headinq 4 - Ava i l ab le  Mois ture Capaci ty,  Inches. This heading l i s t s  the 
t o t a l  a v a i l a b l e  mois ture h o l d i n g  capac i t y  i n  inches w i t h i n  the 
s o i l  t o  the depth i n d i c a t e d  i n  Heading 3. The a v a i l a b l e  mois- 
t u r e  f o r  p l a n t  use i s  t h a t  mo is tu re  i n  the s o i l s  between the 
w i l t i n g  p o i n t  and f i e l d  capac i ty .  The l i s t e d  va lues a re  e s t i -  
mates based on labora tory  t e s t s  o f  the phys ica l  p r o p e r t i e s  o f  
major s o i l  types and numerous f i e l d  measurements o f  c lose ly ’  
r e l a t e d  s o i l s  o f  s i m i l a r  s t ruc tu re ,  t e x t u r e  and o t h e r  p r o f i l e  
c h a r a c t e r i s t i c s .  

Headinq 5 - l r r i s a t i o n  I n t e r v a l  i n  Davs f o r  D i f f e r e n t  Desicm Use Rates 
The times shown are  the maximum number o f  ope ra t i ng  days f o r  
the system t o  apply  the gross a p p l i c a t i o n  on the design area 
a t  the l i s t e d  design use ra tes ,  The number o f  days shown f o r  
each des ign use r a t e  i s  based on a mois tu re  use va lue which 
i s  50 percent  o f  t h a t  shown i n  Heading 4. 

Headins 6 - Tota l  Water App l ica t ion ,  Inches. This  i s  a des ign va lue o f  
gross a p p l i c a t i o n  based upon the a v a i l a b l e  mois tu re  (heading 
4 )  and a system o f  e f f i c i e n c y  o f  70 percent.  Experience has 

’ shown t h a t  a va lue o f  50 percent  o f  the t o t a l  a v a i l a b l e  mois- 
t u r e  capac i t y  o f  the s o i l  w i t h i n  the e f f e c t i v e  r o o t  zone i s  
adequate f o r  design. A 70 percent system e f f i c i e n c y  i s  used 
i n  design t o  compensate f o r  uneven s p r i n k l e r  d i s t r i b u t i o n  
pat terns,  p ipe - l i ne  leakage and evaporat ion losses under 
normal cond i t ions .  

Headinq 7 - A p p l i c a t i o n  Rate, Inches Per Hour. Th is  i s  the maximum 
s p r i n k l e r  a p p l i c a t i o n  r a t e  recomnended f o r  c u l t i v a t e d o r  bare  
s o i l  cond i t ions .  Wi th  adequate ground cover on f l a t  s lopes 
t h i s  r a t e  may be doubled. Considerat ion must be g iven f o r  
c o n d i t i o n s  o f  s o i l  s t r u c t u r e ,  slope, erosion, c rop  r o t a t i o n  
and p l a n t  c h a r a c t e r i s t i c s .  
ted  i s  a l s o  in f luenced by opera t i on  schedules. The se lec ted  
r a t e  may be less, bu t  should never exceed the suggested values. 

The design a p p l i c a t i o n  r a t e  se lec-  



c2 
c2 

, ( 2 )  ( 3 )  
b i s t u r e  
Extrac. 
l e p t h  

D e s c r i p t i o n . o f  S o i l  Group in .  

€3 
P 
67 

TABLE 4 - OHIO SOILS CRWS AND WATER FACTORS USED I N  DESIGN OF IRRIGATION SYSTEMS 

(41 
Avai lab le  
Moisture 
Capac i t y  

in. 

- 
P 

275 
406 

953 

I03 

274 
404 
P 604 

We1 I drained loam o r  s i ' l t  
l o a m w i t h  gravel, sand o r  
f r a c t u r e d  bedrock below 20 
to 36 inches, very good 
underdra i nage. 
FOX, CHI L I , WARSAW 

Well and moderately w e l l  
dra ined loamy f i n e  sand, 
sandy loam over c l a y  a t  
30 t o  36 inches, slow under- 
d ra  i nage. 
SEWARD 

Moderately w e l l  and w e l l  
drained s i l t  loam, .loam and 
sandy loam, bottomland s o i l s  
sub jec t  t o  f looding 
GENESEE, CHAGRl N 

We1 I and moderately we1 I . 
d ra ined s i l t y  or loamy s o i l s  
w i t h  favorable subso i ls  and 
f a i r l y  good underdrainage 
OCKLEY, RUSSEL, WELLSTON, 
CORW I N , WEA 

6 
12 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 
48 

6 
12 
18 
24 
30 
36 
489 

1 . 1  
2.2 
3.2 
4.2 
4.7 
5.2 

0.7 
I .4 
2. I 
2.8 
3.7 
4.6 

I .3 
2.5 
3.6 
4.7 
5.7 
6.7 
8.7 

I .2 
2.4 
3.4 
4.4 
5.4 
6.4 
8.4 

* Does no t  apply t o  s o i l s  i n  Group 404. 

D i f f e r e n t  Desiqn Use Rates 
0.20 0.25 
i n/day i n/day i n/day i n/hr.  

3.0 
5.5 
8.0 

10.5 
12.0 
13.0 

2.0 
3.5 
5.0 
7 .O 
9 .o 

11.5 

3.5 
6.0 
9.0 

11.5 
14.0 
16.5 
21.7 

3.0 
6.0 
8.5 

11.0 
13.5 
16.0 
21 .o 

2.4 
4.4 
6.4 
8.4 
9.6 

10.4 

I .6 
2.8 
4 .O 
5.6 
7.2 
9.2 

2.8 
4.8 
7.2 
9.2 

11.2 
13.2 
17.4 

2.4 
4.8 
6.8 
0.8 

10.8 
12.8 
16.8 

2.0 
3.7 
5.3 
7 .O 
8.0 

'8.7 

0.6 
2.3 
3.3 
4.7 
6.0 
7.7 

2.3 
4.0 
6 .O 
7.7 
9.3 
I I .o 
14.5 

2.0 
4.9 
5.6 
7.3 
9.0 

10.6 
14.0 

0.9 0.5 
I .6 
2.3 
3.0 
3.4 
3.7 

0.6 0.6 
I .o 
I .4 
2.0 
2.6 
3.3 

I .o 0.5 
I .7 
2.6 
3.3 
4.0 
4.7 
6.2 

0.9 0.5 
I .7 
2.4 
3. I 
3.9 
4.6 
6.0 



* Does not apply t o  s o i l s  i n  Group 404. 

TABLE 4 - OHIO SOILS CROPS AND WATER FACTORS USED I N  DESIGN OF IRRIGATION SYSTEMS 

I Z p  I Descr ip t ion o f  Soi l .  Group 

484 
604 
683 

713 
7A3 

443 
476 
623 
703 
783 

OOO 
00 I 
005 
009 

Well and moderately w e l l  
drained s i l t y  o r  loamy s o i l s  
w i t h  f i n e  o r  moderately f i n e  
subso i Is  and. moderate I y s low 
underdra i nage 
MIAMI, CARDINGTON, GUERNSEY 

(31  
Moisture 
Ex trac. 
Depth 

in. 

6 
I 2  
18 
24 
30 
36 

W e l l  and moderately w e l l  drained 6 

s lowly  permeable fragipans i n  18 
the subsoil ,  t y p i c a l l y  be- 24 
ginning a t  18 t o  24 inches 
below the surface. 
CAN F I E L D , ROSSMOY N E , T I L S I T , 
MDNONGAHELA 

s i l t y  o r  loamy s o i l s  w i t h  I 2  

W e l l  and moderately w e l l  drained 6 
s o i l s  w i t h  f i n e  textured sub- 12 
s o i l s  and slow underdrainage 18 
KEENE, WSHUR, ST. CLAIR, 24 
JESSLR 

Organic so i l s ,  very poor ly 6 
drained, more than 12 inches I 5 
o r  organic mater ia l ,  under- 18 
drainage slow due t o  water 24 
table. 
CARLISLE, LINWOOD 

( 4 )  (6 )  

Water Appl ic. 
Applic. Rate 

in. i n/hr. 
Cepaci t y  

in. 

I .2 
2.4 
3.4 
4.4 
5.4 
6.4 

I .2 
2.4 
3.3 
4.2 

I .2 
'2.4 
3.4 
4.4 

I .5 
3.0 
4.5 
6.0 

3.0 
, 6.0 

8.5 
11.0 
13.5 
16.0 

3 .O 
6.0 
8.5 

10.5 

3.0 
6.0 
8.5 

11.0 

4.0 
7.5 

11.5 
15.0 

2.4 2.0 
4.8 4.0 
6.8 5.6 
0.8 . 7.3 

10.8 9 .o 
! 2.8 10.6 

2.4 2.0 
4.8 4.0 
6.8 5.6 
8.4 7.0 

0.9 0.4 
I .7 
2.4 
3. I 
3.9 
4.6 

0.9 0.4 
I .7 0.3 
2.4 0.2 
3 .O 0.2 

2.4 2.0 0 .9 0.4 
4.8 4.0 I .7 0.3 
6.8 5.6 2.4 0.2 
0;8  7.3 3. I 0.2 

3.2 
6.0 
9.2 

12.0 

2.7 1.1 
5.0 2. I 
7.7 3.3 

10.0 4.3 

3 



TABLE 4 - OHIO SOILS CRCPS AND WATER FACTORS USED I N  DESIGN OF IRRIGATION SYSTEMS 

t3* -e ' 
c2 -- 

' a: 
P 

( 1 )  ( 2 )  ( 3 )  (41 4 51 (6) (71  
Moisture Avai lable I r r i g a t i o n  i n te rva l  i n  Days f o r  Gross 
Ex t rac  . Molsture . D l f f e r e n t  Desiqn Use Rates . Water Applic. 

Sol I Depth Capac i t y  0.20 0.25 0.30 Applic. Rate 
Sroup Descr ip t ion o f  Soil Group in. in. 1 n/day in/day in lday in. n/hr . 
276 

855 
I84 

- 
OI 

256 
646 
S40 
S5 I 

Well to somewhat poor ly drained 6 
Loamy sand, sand o r  g rave l l y  12 
S o i l s  wi thout  6 horizons I 8  
having c l a y  accumulation. 24 
PLAlNFl ELD,MROCCO,RODMAN 30 

' 36 

Well drained loamy f i n e  6 
Sand s o i l s  w i t h  t h i n  bands 12 
having small amounts of 18 
c l a y  and s i l t .  24 
SP I NKS , COLOMA 30 

36 
48 

Well drained sandy loam, 6 

c l a y  loam soils w i t h  gravel 18 
and sand or ' f ractured bed- 249 
rock a t  I O  to 20 inches. 3 w  
CASCO , CONOTTON , R I TCHEY , 36* 
DUNBR I DGE , MUSK I NGUM, 4 w  
FA I RMDUN T 

loam, s i l t  loam, o r  s i l t y  12 

0.4 
0.8 
1.0 
I .2 
I .4 
I .6 

0.5 
1 e o  

1.3 
I .6 
I .9 
2.2 
2.8 

0.8 
I .6 
2.0 
2.4 
2.8 
3.2 
3.8 

1.0 
2.0 
2.5 
3.0 
3.5 
4.0 

I .3 
2.5 
3.5 
4.0 
4.5 
5.5 
7.0 

2.0 
4.0 
5.0 
6.0 
7 .O 
8.0 
9.5 

0.8 
I .6 
2.0 
2.4 
2.8 
3 :2 

1 .o 
2.0 
2.8 
3.2 
3.8 
4.4 
5.6 

I .6 
3.2 
4.0 
4.8 
5.6 
6.4 
7.6 

U Applies to  Conotton and 

i# Appl ies on l y  t o  Conotton 
Dunbridge only. 

0.7 
I .3 
I .7 
2.0 
2.3 
2.7 

0.7 

2.3 
2.7 
3.2 
3.7 
4.7 

I .3 
2.7 
3.3 
4.0 
4.7 
5.3 
6.3 

I .i 

0.3 I .o 
0.6 
0.7 
0.9 
I .o 
1 . 1  

0.5 I .o 
0.7 
I .o 
1 . 1  
I .4 
I .6 
2.0 

0.6 0.8 
1 . 1  
I .4 
I .7 
2.0 
2.3 
2.7 



( I )  

Soi I 
Group 

IO8 
I18 
141 

408 
608 
628 
648 

602 
682 

392 
712 
7A 2 

( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  
Moisture Avai lab le I r r i g a t i o n  In te rva l  i n  Days f o r  Gross 
Extrac. Moisture D l f  ferent, Desiqn Use Rates Water Appllc. 
Depth Capac i t y  0.20 0.25 0.30 Appl ic Rate 

Descr ipt ion of  S o i l  Group in. in. i n/day i n/day i n/day in. in /hr .  

drained s i l t  loam, o r  loam 12 2.5 6.5 5.2 4.3 I .9 

subject  t o  flooding, mod- 24 4.5 11.5 9.2 7.7 3.3 
e r a t e l y  slow underdrainage 30 5.5 13.7 11.0 . 9. I 3.9 

textured bottomland s o i l s  18 3.5 9 00 7.2 6.0 2.6 

i n  absence of water table. 36 6.5 16.2 13.0 10.8 4.6 
SHOAL, SLOAN, WAYLAND 

Dark colored poor ly drained 
s i  I t y  c l a y  so l  I s  w i t h  mod- 
erate t o  moderately slow 
underdrainage. 
BROOKSTON, HOY'IVI LLE, 
MI LLSMLE ,PEWAM0 ' 

L igh t  colored somewhat poor- 
l y  drained s i l t y  or loamy 
s o i l s  w i t h  s i l t y  c l a y  loam t o  
s i l t y  subsoi ls  and moder- 
a t e l y  slow underdrainage. 
CROSBY, BLOUNT 

L ight  colored somewhat poor ly 
drained s i l t y  or loamy s o i l s  
w i t h  slow underdrainage due 
t o  fragipans i n  the subsoi I, 
t y p i c a l l y  beginning 18 t o  24 
inches below the surface. 

AVONBURG , RAVENNA , VENANGO, 
WADSWORTH. 

6 
12 
18 
24 
30 
36 

6 
12 
18 
24 . 
30 
36 

6 
12 
18 
24 

I .3  
2.5 
3.5 
4.5 
5.5 
6.5 

I .2 
2.4 
3.4 
4.4 
5.4 
6.4 

I .2 
2.4 
3.3 
4.2 

3.5 
6.5 
9.0 

11.5 
13.7 
16.2 

3.0 
6.0 
8.5 

11.0 
13.5 
16.0 

3 .O 
6.0 
8.5 

10.5 

2.8 
5.2 
7.2 
9.2 

I I .o 
13.0 

2.4 
4.8 
6.8 
8.8 

10.8 
I2;8 

2.4 
4.8 
6.8 
8.4 

2.3 
4.3 
6.0 
7.7 
9. I 

10.8 

2.0 ' 

4.0 
5.6 
7.3 
9 .o 

11.7 

2.0 
4.0 
5.6 
7 .O 

I .o 
1.9 
2.6 
3.3 
3.9 
4.6 

0.9 
I .7 
2.4 
3. I 
3.9 
4.6 

0.9 
I .7 
2.4 
3 .O 

0.4 

0.4 
0.3 
0.3 
0.3 
0.3 
0.3 

0.4 
0.3 . 
0.2 
0.2 9 

v 
cL4 
a 



TABLE 4 - OHIO SOILS CRWS AND WATER FACTORS USED I N  DES 

e- 
g! 
€2 
0 

GN OF IRRIGAT 

( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  
Moisture Avai lable I r r i g a t i o n  In te rva l  i n  Days f o r  Gross 
Extrac. I Moisture D i f f e r e n t  Desian Use Rates q Water 

Sol I 3ep t h  Capaci t y  0.20 0.25 0.30 App I ic. 
.Grou D Descr ipt ion o f  S o i l  Groun in. in. I n/day i n/day i n/day in .  

ON SYSTEMS 

938 I 

938 

952 
9 58 

Poor ly t o  somewhat poor ly 
drained l i g h t  colored sandy 
loam o r  loamy sand s o i l s  
having good underdrainage 
i f  no water tab le occurs , 

w i t h i n  36 Inches. 
TEDRW, NEWTON 

Poor ly drained, dark 
colored loamy f i n e  sand o r  
sandy loam s o i l s  having 
good underdrainage i f  no 
water tab le occurs w i t h i n  
36 inches. 
GRANBY. 

Poor ly t o  somewhat poor ly 
drained loamy f i n e  sand o r  
sandy loam w i t h  f i n e  c lay  
below 20 t o  36 inches, slow 
underdrainage. 
RIMER, WAUSEON 

6 
12 
18 
24 
30 
36 
48 

6 
12 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 

0.6 
I .2 
I .5 
I .8 
2. I 
2.4 
3.0 

0.7 
I .4 
I .9 
2.4 
2.7 
3.0 

0.8 
I .6 
2.3 
3.0 
4.0 
5.0 

I .5 
3.0 
4.0 
4.5 
5.5 
6.0 
7.5 

2.0 
3.5 
5.0 
6.0 
7.0 
7.5 

2.0 
4.0 
6.0 
7.5 

10.0 
12.5 

I .2 
2.4 
3.2 
3.6 
4.4 
4.8 
6.0 

I .6 
2.8 
4.0 
4.8 
5.6 
6.0 

I .6 
3.2 
4.8 
6.0 
8.0 

10.0 

I .o 
2.0 
2.7 
3.0 
3.7 
4.0 
5.0 

1.3 
2.3 
3.3 
4.0 
4.7 
5.0 

I . 3  
2.7 
4.0 
5.0 ' 

6.7 
8 . 3  

0.4 
0.9 
1.1  
I . 3  
I .6 
I .7 
2.5 

0.6 
I .o 
I .4 
I .7 
2.0 
2. I 

0.6 
1 . 1  
I .7 
2. I 
2.9 
3.6 

0.6 

I n/hr. 

I .o 

I .o 
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Sol I 
Group 

Moisture Avai lab le I r r i g a t i o n  In te rva l  i n  Days f o r  Gross 

Depth 
Water Appl IC. Extrac. Nblsture - D i f f e r e n t  Desiqn Use Rates 

Capaci t y  0.20 0.25 0.30 Applic. Rate 
Descr ipt lon o f  S o i l  Group in. in. i n/day i n/day i n/day In. i n l h r  . 

ID2 Poorly t o  somewhat poor ly 6 I .2 3.0 2.4 2.0 0.9 0.4 
I D9 dralned s i l t y  c l a y  o r  c l a y  12 2.4 6.0 4.8 4.0 I .7 0.3 

textured bottomland s o i l s  18 3.4 8.5 6.8 - 5.6 2.4 0.2 
w i t h  slow underdrainage. 24 4.4 I I .o 8.8 7.3 3 .O 0.2 
DEFIANCE, WABASH 

638 Dark t o  fn0der8tely dark 6 1.1 3.0 2.4 2.0 0.9 0.4 
9 19 colored poor ly drained 12 2.2 5.5 4.4 3.7 I .6 0.3 

s i l t y  c l a y  o r  c l a y  s o i l s  18 3. I 8.0 6.4 5.3 2.3 0.2 
w i t h  slow underdrainage. 24 4.0 10.0 8.0 8.3 3.6 0.2 
PAULDING, TOLEDO 

Column ca lcu la t i ons :  Note: Design Use Rate f o r  Various Crops from Table 3 

Column 5 Column 4 X 50% deplet lon = 1.2 X 0.5 = 3.0 
Design Use Rate 0.20 

Column 4 X 50% deplet ion = 1-2 X 0.50 = o.86 or o.9 
70% Appl lcat lon .70 column 6 =: 

I 
A l l  values rounded up t o  nearest tenth o f  a u n i t .  

-4 w 
CQ 
a 



USING THE IRRIGATION GUIDE 

F i e l d  
No. I 

3 Ac .  

Casco 

Sandy loam 

Spr ink ler  System Design 

Examp I e 

F i e l d  
No. 2 

5 Ac. 

. Genesee 

S i  I t  loam 

Mi  ami 

S i  I t  loam 

1 I 

Brookston , 

S i l t y  c lay  loam 

I O  Ac. 10 Ac. 

Crops: Tomatoes - IO  Ac., sweet corn - 10 Ac., potatoes - 5 Ac., 

Strawberries - 3 Ac. 

E f f e c t i v e  r o o t  zone depth (Table 3)  

Operation condi t ions 

System e f f i c i e n c y  f o r  design - 70 percent. 

D a i l y  hours o f  operat ion - 16 

P l a n t i n g  dates cause a l l  crops t o  be a t  design moisture use 

r a t e s  dur ing the same time. 
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A. Allawable Time t o  Complete an I r r i q a t l o n  

Table 3, Headings 2 and 3 l i s t  the i r r i g a t i o n  depths and design 
consumptive use r a t e  respect ive ly  for  the var ious crops. The maximum 
al lowable t i m e  (days) t o  complete one I r r i g a t i o n  cyc le  on each i r r i g a -  
t i o n  s o i l  group i s  Shawn i n  Table 4, Heading 5, for the selected 
i r r i g a t i o n  depth and design consumptive use rate.  

Where several s o i l s  and crops are represented i n  the design area, and 
peak design-use ra tes  f o r  the crops occur a t  about the same time of year, 
the t i m e  a l l o t t e d  for completing one i r r i g a t i o n  (F)  over the design 
area i s  obtained through a weight ing process. 
s o i l  and in te rva l  which gives the. shor test  i r r i g a t i o n  i n t e r v a l  per iod 
i s  the value t o  be used in  determining the s p r i n k l e r  system capacity. 

The corndination of crop, 

B. Determininq the Weiqhted Gross Water App l i ca t i on  

I f  the design area includes several s o i l s  and-crops, the gross water 
requirements (Acre Inches) fo r  each crop are computed and weighted t o  
ob ta in  the gross depth of app l i ca t i on . ’  The maximum weighted app l i ca t i on  
general ly occurs when the deeper rooted crops are grown i n  the s o i l s  
having the higher t o t a l  moisture ho ld ing capacity. 

I 

I 

F i e l d ,  Ac. I Crop 

I 3 
2 ‘ 5  
3 I O  
4 ; 7  

‘ 3  
8 -  

i 28 

Sweet corn 
Potatoes 
Toma toes 
Sweet corn 
S t rauberr  1 es 

Root 
Zone 
Depth 
for  I rr i g. 
- I /  

18 
18 
24 
24 
12 

Gross 
Water 

Inches 
APPl  

- 21 

1.4 
2.6 
3. I 
3.3 
I .9 

- I /  - 2/ 
- 3/ 

Table 3, Heading 2 
Table 4, Heading 6 
Table 4, Heading 5 

Tota I 
APPl  
Ac. In. 

4.2 
13.0 
31 .O 
23. I 
5.7 

77.0 
- 

Note: The r o o t  zone depth fo r  sweet corn on F i e l d  I 
and on F i e l d  4 i t  i s  24 inches. This Is  a so l  
F i e l d  1 .  

21 

Des i gn 
I n t e r -  
va I 

Days 
- 31 

3 
6 
9 
7 
5 

s 18 inches 
cond i t i on  i n  



. Weighted app l i ca t i on  time (days) = ,e 193 AC. Da S = 6.9 days 

Use a value of  6 days. This al lows a safety  fac to r  f o r  breakdawn. 

7.0 Ac. In. 2.7511 Weighted gross water a p p l i c a t i o n  = J I  
28 Ac. 

The requi red system capacity i s :  

- 453 X Area i n  Acres X Gross App l i ca t i on  i n  Inches 
Ogpm - I r r i g a t i o n  I n t e r v a l  X Operating Hours P e r  day 

C. Maximum App l i ca t i on  Ra'te 

The maximum r a t e  o f  app l i ca t i on  f o r  i r r i g a t i o n  systems serving a 
complex o f  s o i l s  i s  governed by the s o i l  w i t h  the lowest app l i ca t i on  
ra te .  I n  the example, a l l  crops are cu l t i va ted ,  and the maximum app l i -  
c a t i o n  r a t e  i s  l i m i t e d  by the Miami s o i l s  i n  F i e l d  No. 3. The maximum 
r a t e  from Table 4, Heading 7, f o r  t h i s  s o i l  i s  0.4 inch per hour. 
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I RR GATION SYSTEM MNAGEMENT 

Management i s  a prime fac to r  in  the success o f  an i r r i g a t i o n  program. 
The system may be the best possible design, the equipment may be the 
most up t o  date and e f f i c i e n t ,  but s t i l l  success i s  not  insured. 

Labor requirements f o r  a hand moved i r r i g a t i o n  system i s  large. Often 
the equipment has t o  be operated a t  the same t i m e  other  labor demands 
are a t  t h e i r  peak. 
l i t t l e  labor. The i r r i g a t o r  must c a r e f u l l y  consider how operat ion o f  
h i s  type of  i r r i g a t i o n  system w i l l  f i t  i n t o  the t o t a l  farming enter- 
pr ise.  He must be sure tha t  he has the manpower avai lab le f o r  h i s  
choice o f  system. Good planning and u t i l i z a t i o n  o f  labor i s  essent ia l .  

S o l i d  se t  and mechanical moved systems requ i re  very 

Large quan t i t i es  o f  water are requi red f o r  i r r i g a t i o n .  Therefore, 
e f f i c i e n t  use o f  water should be the goal o f  an adequate program o f  
i r r i g a t i o n  system management. The bene f i t s  from the investment i n  the 
i r r i g a t i o n  system, labor and i r r i g a t i o n  water are derived from the im- 
proved qual i ty ,  y i e l d  and marketing advantages that  can be achieved from 
i r r i g a t e d  crops. To o b t a i n  these benef i ts,  w i t h  e f f i c i e n t  water use, 
the i r r i g a t o r  must answer these very pe r t i nen t  questions. When should 
I i r r i g a t e ,  horn much water should I apply and i s  the i r r i g a t i o n  system 
funct ion ing proper ly? 

Many i r r i g a t o r s  tend t o  delay i r r i g a t i o n  i n  hope that  r a  
This temptation has t o  be overcome. A card ina l  r u l e  o f  
must be that he keep h i s  eyes on the s o i l  and p lan ts  and 
I f  drainage i s  proper ly cared for, as pointed ou t  in  ear 
no serious problems should develop. 

n w i l l  come. 
he i r r i g a t o r  ' 

not  on the sky. 
i e r  sections, 

The question 'When should I i r r i g a t e ? "  cannot always be answered pre- 
c i s e l y .  There i s  no se t  r u l e  that  appl ies t o  a l l  s i t ua t i ons .  Several 
factors  must be considered i n  each ind i v idua l  case, such as p a r t i c u l a r  
crop, stage o f  growth, ava i l ab le  water supply, i r r i g a t i o n  system capaci ty  
and other farm operations schedules. 

Most crops should be i r r i g a t e d  before more than h a l f  o f  the a v a i l a b l e  
moisture i n  the crop r o o t  zone has been used. This i s  a good c r i t e r i o n  
f o r  one l i m i t  o f  moisture deplet ion. Some crops, however, are thought 
t o  do beter a t  higher moisture leve ls  ( l e s s  moisture def ic iency a t  time 
of  i r r i g a t i o n ) .  Therefore, one might consider that  an i r r i g a t i o n  may be 
needed w e l l  before h a l f  o f  the ava i l ab le  moisture has been used. Author- 
i t i e s  are not i n  f u l l  agreement as t o  what s p e c i f i c  crops b e n e f i t  from 
the maintenance of  "high" moisture leve ls  or what these moisture leve ls  
should be. Generally, hawever, one may consider the need f o r  i r r i g a t i o n  
i s  doubtful f o r  any crop u n t i l  the s o i l  moisture d e f i c i t  approaches one- 
t h i r d  o f  the ava i l ab le  moisture hold ing capaci ty o f  the crop r o o t  zone. 
Some special  purpose i r r i g a t i o n s ,  such as f o r  seed germination, are, o f  
course, exceptions t o  th is general r u l e .  



I t  i s  not always p r a c t i c a l  and probably not desirable t o  maintain the 
same soi l -mois ture leve l  throughout the growing season. Aside from 
the moisture needs f o r  insur ing a stand, most crops have c r i t i c a l  periods 
du r ing  the growing season when good s o i l  moisture leve ls  m s t  be main- 
ta ined t o  c lbtain h igh q u a l i t y  y ie lds.  The c r i t i c a l  per iod f o r  most crops 
occurs dur ing the p a r t  o f  the growing season o f  pod, f r u i t ,  tuber or ear 
format ion and development. Table 5 l i s t s  the c r i t i c a l  growth periods 
f o r  a number o f  important crops. 

Table 5 
C r  i t i ca  I Per iods o f  Water Needs f o r  Crops 

Crop C r l  t i c a l  Per iod 

A l f a l f a  
App I es 
Bean, l ima 
Bean, snap 
Corn, sweet 
and f i e l d  
Cabbage 
Let tuce 
Me Ions 
On i ons 
Pasture 
Peaches 
Peas 
Peppers 
Potatoes 
Rad ish 
S t rawberr i es 
Tobacco 
Toma toes 

S t a r t  o f  f lowering and a f t e r  c u t t i n g  
Bud stage and f r u i t  enlargement 
No p a r t i c u l a r  per iod 
Pod enlargement 
Tasseling, s i l k i n g  and e a r l y  stage o f  ear development 

Head deve I opmen t 
Head deve I opmen t 
Blossom t o  harvest 
Bulb enlargement 
A 4 t e r  graz i ng 
F i n a l  f r u i t  enlargement and p i t  hardening 
Flowering and seed enlargement 
P l a n t i n g  t o  f r u i t  s e t  
Blossom t o  harvest 
R o o t  enlargement 
F r u i t  enlargement 
Knee h igh t o  blossom 
Ear l y  flowering, f r u i t  se t  and enlargement 

I f  s u f f i c i e n t  growing season e x i s t s  from time of seeding o r  t ransplant 
t o  harvest f o r  the desired development o f  the crop, shor t  periods o f  
s l i g h t  moisture s t ress  dur ing the e a r l y  p a r t  o f  the growing season may 
not be harmful. Except f o r  leaf  or forage crops th is i s  t rue  f o r  most 
crops. On the o the r  hand, overst imulat ion o f  vegetat ive growth from a 
combination o f  h igh s o i l  f e r t i l i t y  and ava i l ab le  s o i l  moisture can a lso 
be obJectionable. This may delay time o f  harvest enough t o  miss the 
p e r i o d  o f  h ighest f resh market demand, e f f e c t  the grade f o r  processing 
or cause losses on late-matur ing crops from f r o s t  damage. I f  i r r i g a t i o n  
wa te r  suppl ies are l imi ted, the best use o f  the i r r i g a t i o n  water supply 
would be dur ing the c r i t i c a l  growth per iod o f  the crop. 

t o  be i r r i g a t e d  reaches a po in t  
t he  crop. Normally, the system 
should permit  i r r i g a t i o n  t o  beg 
percent and be completed before 
t u r e  i s  reached. 

, I r r i g a t i o n  must begin i n  t i m e  so tha t  the i r r i g a t e d  area can be covered 
be fo re  the  ava i l ab le  moisture leve l  i n  the l a s t  portion o f  the f i e l d  

s t ress o f  
on per day 
50 and 60 
ab le- mois- 

causing unfavorable moisture 
capaci ty and hours o f  operat 
n a t  moisture leve ls  between 
the 25 percent level  o f  avai 
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I r r i g a t i o n  schedules o f t e n  can be var ied somewhat t o  f i t  o ther  operat ion 
schedules. Many times the i r r i g a t i o n  system i s  u t i l i z e d  on a d i v e r s i t y  
o f  crops which are a t  d i f f e r e n t  stages o f  growth. When the ava i l ab le  
s o i l  moisture level  f o r  each crop area i s  known the t iming o f  i r r i g a -  
t i o n s  can be varied. 
be moved ahead a day or two t o  f a c i l i t a t e  spraying insect ic ides or herb i -  
cides. 

For example, i r r i g a t i o n s  o f  a p a r t i c u l a r  crop may 

In determining the need f o r  i r r i g a t i o n  one must not overlook the f a c t  
t ha t  some po r t i on  o f  the f i e l d  may be d r i e r  than other port ions.  Some- 
times, because of poor water d i s t r i b u t i o n  dur ing a previous i r r i g a t i o n ,  
the s o i l  moisture def ic iency i n  one p o r t i o n  o f  the f i e l d  may be found 
t o  be considerably greater than i n  other  pa r t s  o f  the f i e l d .  Also the 
s o i l  i n  one p a r t  o f  the f i e l d  may have a smaller ava i l ab le  moisture hold- 
i ng  capacity than the s o i l s  i n  another part .  -The moisture i n  t h i s  s o i l  
might be depleted t o  the 50 percent level  long before the other  soils 
approached that level .  I f  these k inds o f  c r i t i c a l  areas are o f  s i g n i -  
f i c a n t  s i re ,  the decis ion as t o  when t o  i r r i g a t e  should be based on the 
ava i l ab le  moisture i n  the d r i e r  areas. 

The amount of  i r r i g a t i o n  water t o  apply depends on the amount that  has 
been used by the p lan t  and the water ho ld ing capaci ty o f  the s o i l .  In 
most cases each i r r i g a t i o n  should r e f i l l  the e f f e c t i v e  r o o t  zone b r i n g i n g  
the s o i l  p r o f i l e  t o  f i e l d  capacity. However, th is i s  not necessary w i t h  
preplant i r r i g a t i o n s .  Also, where there I s  danger o f  water logging the 
s o i l  i t  may be desirable to r e f i l l  the e f f e c t i v e  r o o t  zone t o  on l y  80% 
o f  f i e l d  capacity. 

From the preceding discussion i t  can be seen tha t  t o  have e f f i c i e n t  
i r r i g a t i o n  water management the i r r i g a t o r  must have some means o f  deter- 
mining the leve l  o f  ava i l ab le  moisture in  the root zone. 

A rough estimate o f  the probable magnitude o f  the so i l  moisture d e f i c i -  
ency can be made from a general knowledge o f  the p a t t e r n  o f  consumptive 
use by the p a r t i c u l a r  crop, i f  the number o f  days s ince the l a s t  i r r i g a -  
t i o n  or equivalent r a i n f a l l  i s  known. For example, i n  an area where the 
i r r i g a t i o n  guide ind icates the peak per iod consumptive use r a t e  o f  a 
p a r t i c u l a r  crop is about two-tenths inch per day; one might, dur ing a 
ho t  dry period, expect t o  f i n d  an average s o i l  moisture def ic iency of a- 
bout 14 inches some 6 or 8 days a f t e r  an i r r i g a t i o n  had been applied. 
During periods o f  more moderate weather condi t ions the moisture de f i c iency  
would not  be expected to be so great. 
be expected t o  be precise, but they are usefu l  i n  determining the need of 
moisture measurements or i n  checking the reasonableness o f  the estimates 
or measurements made by other  means o f  determlnlng sol1 moisture d e f i c i -  
encies. 

There are several methods o f  measuring or est imat ing ava i l ab le  moisture 
content and each has i t s  advantages and l i m i t a t i o n s .  The fo l l ow ing  are 
the most comnonly used: 

These k inds o f  estimates cannot 



. .  
Tens iome te rs  
several 909s 

require a great deal of experience to  use. There are 
b i l i t i e s  fo r  errors. They do not d i r e c t l y  provide va ues 

o f  the k u n t  of  water held i n  the so i i .  
i s t i c  curve.for the par t i cu la r  s o i l  i s  needed t o  convert moisture tension 
measurements i n t o  avai lable moisture percentages. Tensiometers do not 
measure the e n t i r e  range of  avai lable moisture i n  a l l  so i ls .  They are 
best su i ted  fo r  use on sandy s o i l s  since i n  these s o i l s  a large part  
o f  the moisture avai lable t o  plants I s  held a t  a tension of less than 
one atmosphere. 

A special moisture character- 

E l e c t r i c a l  resistance instruments use the p r inc ip le  that  a change i n  
moisture content i n  the s o i l  produces a change i n  the conduct iv i ty o f  a 
mater ia l  i n  contact w i t h  the so i l .  Problems ex i s t  i n  having a material 
bur ied which responds equally we l l  t o  a l l  ranges o f  moisture. They are 
a l so  af fected by s a l t s  i n  the so i ls .  Proper i n s t a l l a t i o n  i s  a must. 
The s o i l  must be replaced i n  the hole to the same density and order as 
the r e s t  o f  the p r o f i l e  for  the readings t o  be meaningful. Manufacturers’ 
ins t ruc t ions  must be followed carefu l ly ,  and the blocks need to  be 
ca l ib ra ted  i n  the f i e l d  fo r  each job. 

Feel and appearance i s  not the most accurate method o f  moisture deter- 
mination, but w i t h  t ra in ing, experience and good judgement the i r r i g a t o r  
should be able t o  estimate the moisture level w i t h i n  IO t o  15 percent. 
Charts are avai lable which describe the appearance and feel  of  the var i -  
ous textures- fo r  d i  f ferent  moisture contents. 

The carbide moisture tester  has proven useful i n  irr igat. ion. I t  u t i l i z e s  
the p r i n c i p l e  o f  chemical drying o f  the soil sample. A reagent such as 
calc ium carbide i s  mixed w i t h  the moist s o i l  sample w i th in  a sealed cham- 
ber. The chemical react ion of  the reagent and the s o i l  moisture produces 
acetylene gas. The pressure of  the produced gas-’ls recorded on a gage 
which i s  ca l ib ra ted  to  indicate the wet weight moisture percentages of  
the s o i l .  Convenient tables are avai lable to  convert these values to  dry 
weight moisture percentages. 
abou t three m i  nu tes . The react ion and reading normally require 

The carbide moisture tester used i n  conjunction w i t h  a volumeter pro- 
v ides a convenient means fo r  se t t i ng  up the d i rec t  gas pressure and the 
Moisture Accounting methods of avai lable moisture determinations. Once 
a s o i l  character is t ics  sheet has been developed fo r  a crop i n  a spec i f i c  
f i e l d ,  the i r r i g a t o r  needs only t o  sample the moisture i n  the f i e l d  and 
read from the s o i l  character is t ics  sheet the net inches o f  water to be 
appl ied. 

The Nbisture Accounting method i s  ga in ing . i n  acceptance as a means fo r  
determining when an i r r i g a t i o n  i s  needed and horn much needs to be applied. 
I t  i s  a r e l a t i v e l y  simple bookkeeping procedure, which can be applied by 
the average i r r i g a t o r  t o  ass is t  him i n  h i s  moisture management and assoc- 
i a ted  operations. The method u t i  l i t e s  two important pr inciples:  

( 1 )  When an adequate supply o f  avai lable moisture i s  present i n  
the s o i l  p ro f i l e ,  the r a t e  of  consumptive use by a given crop 
depends pr imar i l y  on the growth stage o f  the plant and the 
weather conditions. 

:! 
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When the moisture content of the s o i l  p r o f i l e  is  know a t  
any given time, the moisture content a t  any la ter  t ime can 
be computed by c red i t ing  moisture gained from e f fec t i ve  
r a i n f a l l  or i r r i g a t i o n  and subtract ing the da i l y  moisture 
w i thdrmals  during the elapsed time. 

Getti.., -2curate estimates o f  the day by day consumptive use ra te  fo r  
the crop grown has been one of  the maJor problem w i t h  t h i s  procedure. 
Hmever, use rates can be s a t i s f a c t o r i l y  estimated from avai lable 
data sheets. 
shown i n  Table 6, which r e f l e c t s  the e f fec t  o f  the emount of  sunshine 
and the stage of  growth of  the crop. 

Good estimates o f  the consumptive use f o r  a given day are 

Tab le' 6 
EVAPOlRANSP I RAT 1 O!W 

Inches Per Day i n  Ohio 

* 

Weather (Hours o f  Sunshine) 
Dates Cloudy 10-31 Normal (4-10) Bright (11-151 

A p r i  I 15-30 .05 07 0 0 9  
t'ky 1-14 
h Y  1531 
June 1-14 
June 15-30 
July 1-14 
July 15-31 
August 1-14 
August 15-31 
Septefiber I -I 4 

007 . 
0 0 9  
.I1 
0 14 
0 15 
16 
15 

0 I3 
m I  I 

e o 9  

0 12 
14 

e 17 
o x )  

e 2 0  

19 
017 , 

. I4 

. I 2  
0 15 

m 1 8  1 

e 2 1  
0 2 4  ' 

0 2 5  
e 2 4  
021 
0 18 

* Estimates i n  t h i s  table apply t o  cabbage, sweet corn, f i e l d  corn, 
popcorn, potatoes, snap beans, soybeans, sugar beets and tomatoes. 

The moisture accounting method requires da i l y  measurement o f  r a i n f a l l  a t  
the s i te .  A wedge-shaped p l a s t i c  r a i n  gage is  sat is factory  i f  read care- 

Moisture accounting computations are easiest i f  they are s tar ted when 
the s o i l  t o  be i r r i ga ted  i s  a t  f i e l d  capacity. This usual ly is  the day 
fol lowing a heavy r a i n  or i r r iga t ion .  1 f  account i s  begun a t  other than 
f . ie ld capacity level, the avai lable moisture i n  the e f fec t i ve  root  zone 
must be measured or estimated. Thereafter, each day's balance of avai l -  
able moisture i n  the s o i l  i s  computed by subtract ing the estimated con- 
sumptive use f o r  the day from the previous day's balance. 
and r a i n f a l l ,  i f  any, are added t o  the previous day's balance. 

f u l l y .  

i r r i g a t i o n  

R 

i r  deep percolation. The da i l y  balance i s  then recorded as the f i e l d  

When excessive r a i n f a l l  causes the d a i l y  balance t o  exceed the f i e l d  
capacity level, the excess i s  presumed t o  have been runoff  or lost  t o  

capacity level and the new balance calculated from t h i s  value. 



' When the d a i l y  balance reaches the po in t  a t  which s o i l  moisture i s  
depleted t o  a predetermined al lowable l i m i t ,  i t  i s  t i m e  t o  i r r i g a t e .  

Moisture accounting has the advantage o f  r e q u i r i n g  very l i t t l e  equip- 
ment and a minimum o f  labor. However, pe r iod i c  checks w i t h  moisture 
measuring devices are h e l p f u l  t o  check the accuracy o f  the progress 
w i t h  the bookkeeping procedures, especia l ly  dur ing the c r i t i c a l  stage 
o f  growth periods. 

Wi th  any o f  the foregoing procedures the  amount of i r r i g a t i o n  water t o  
be appl ied i s  the amount necessary t o  b r i n g  the e f f e c t i v e  r o o t  zone from 
the present ava i l ab le  s o i l  moisture level  t o  the f i e l d  capaci ty moisture 
leve l .  Knowing the net amount o f  i r r i g a t i o n  thus required, the app l i -  
c a t i o n  e f f i c i e n c y  o f  the i r r i g a t i o n  system and the area covered, the 
question of haw much needs t o  be pumped or de l ivered i s  r e a d i l y  answered. 

EXAWLE - MDISTURE BALANCE FOR SCHEDULING IRRIGATION 

Farm Sam Doe S o i l  Type Brookston S i l t y  Clay Loam 
County Frank1 i n  grop Corn Root depth 24 in.  

F i e l d  No. I CNW 40 Ac.) I r r i g a t e  when balance i s  2.4 in. 
Avai lab le Moisture Capacity 4.0 in. 

5-5-66 

7-9-66 14 
7- 10-66 1. I 
7-1 1-66 6 
7- 1246  7 
7- 13-66 12 
7- 14-66 14 
7- 15-66 I3  
When r a i n f a l  I 
a v a i l a b l e  m i s  

5- 12-66 2 .09 
5- 13-66 I2  .I2 
5- 14-66 9 .09 
5- I 5-66 I I  b 15 
5- 16-66 6 . I 2  
5-17-66 Thru 7-8-66 

.24 

.24 

.20 

.20 

.24 
24 

.25 
br ings  the 
u re  capaci 

c 
I - 0 Remarks : 

n coo m- a height  o f  plant,measured - L Q  - c  evaporation, etc.) 

c c  (Appearance o f  p lant,  L 

> u )  a - c  u c  - - Q  
COL o c c  (D 

a -  > r  
0 0  * n- C 

Iu) 
0 , c  a 3  

u ) > Q  Q 
0 

c 

- 4 -  s o  
- Q  
Q -  - o m  

- - .- 
t n  a3 

c-Qc - a n  z a  
w w  a nv) 

Date Hours In/day In. In. In. 

Balance Brought Fomard -- 
Corn planted 

none 5-5-66 t h ru  5-13-66 
2.9 - 4.00 Avai lab le Nbisture Cap. 

-- I 4.00 - - 4.00 - - 3.88 

-- 2.30 
-- 1.8 3.86 Pumped 2.5" 0 702 E f f i c .  - 3.66 
1.6 -- 4.00 

I 4.00 - 4.00 - 3.75 

.8 -- 4.00 4.00 - . I 2  + - 8  = 4.68* 

-- Record not shown 

d a l l y  balance more than 0.5 inches above the 
y disregard evapotranspirat ion f o r  two days. 
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A. Sp r ink le r  I r r i g a t i o n  System Evaluat ion - 
To evaluate the performance o f  s p r i n k l e r  systems which are i n  

use, the fo l l ow ing  procedure may be used. 

I .  The fo l lowing informat ion should be noted: 

a. The normal net i r r i g a t i o n  t o  be applied. 

b. Spacing o f  s p r i n k l e r s  and la te ra l s .  

C. Average wind v e l o c i t i e s  dur ing s p r i n k l i n g  hours. 

d. S i r e  o f  s p r i n k l e r  nozzles. 

e. Size and type o f  main and la te ra  

f. Pressure a t  the pump. 

I ines. 

g. Pressure a t  f i r s t  and l a s t  nozzle. 

h. Pressure a t  and locat ion o f  h igh p o i n t  i n  l a t e r a l  
l i n e  i f  o f  appreciable s igni f icance. 

i. Maximum 

3 .  Location 

k. Wetted d 

ength Of  main and la te ra l s .  

o f  l i n e  i n  r e l a t i o n  t o  f i e l d  boundaries. 

ameter of spr ink lers .  

1 .  I s  app l i ca t i on  r a t e  exceed 

2. Proper s p r i n k l e r  system operat 
c r i  t e r i a :  

a. Pressure i n  l a t e r a l  should 
IO% from average pressure. 

ng s o i l  intake r a t e ?  

on involves the fo l l ow ing  

not vary more than plus or minus 
This w i l l  assure a min imum app l i -  

c a t i o n  r a t e  o f  a t  least  90% o f  maximum rate.  

( 1 ) ’  For s p r i n k l e r s  operat ing a t  pressures up t o  60 psi, 
the spacing along l a t e r a l  l i n e s  ( S I )  should not exceed 
50% o f  wetted diameter. The spacing o f  l a t e r a l s  along 
the main l i n e  (Sm) should not exceed 65% o f  wetted 
diameter, however, the S, spacing should not exceed 
50% o f  wetted diameter i f  average wind v e l o c i t i e s  are 
5 mph, and 30% o f  wetted diameter i f  average wind 
v e l o c i t i e s  are greater than I O  mph. 



( 2 )  For s p r i n k l e r s  operat ing a t  pressures above 60 p s i  and 
the "b ig  gun" type, the maximum diagonal distance 
between two s p r i n k l e r s  on adjacent i a t e r a l  se t t i ngs  
should not exceed two-thirds of the wetted diameter 
under favorable operat ing condi t ions.  Where wind i s  a 
problem, the diagonal spacing shou1.d not exceed 50% of. 
the wetted diameter f o r  average wind v e l o c i t i e s  of Smph, 
and 30% for average wind v e l o c i t i e s  greater than I O  mph. 

b. The water appl ied by a s p r i n k l e r  should disappear from the 
s o i l  surface b y . t h e  t i m e  the s p r i n k l e r  makes a complete re-  
vo lu t ion.  This observation should be made near the end of 
the water app l i ca t i on  period. 

3. To a i d . t h e  evaluat ion process the  fo 
tables may be used: 

a. Loss i n  main l i n e  general ly shou 
pressure. 

b. 

C. 

d. 

e. 

lowing re la t i onsh ips  and 

d not exceed 30% of pump 

The average pressure of a l a t e r a l  of a near ly uni form slope 
can be taken as the pressure a t  the l as t  s p r i n k l e r  p lus  one- 
fou r th  of pressure d i f ference between the f i r s t  and l a s t  
sp r ink le rs .  
I f  the l a t e r a l  has high or low po in ts  between the f i r s t  and 
l a s t  sp r ink le rs ,  a pressure reading should be taken a t  such 
p o i n t s  and the average pressure determined for  each reach. 
The average pressure for  the l a t e r a l s  i s  the average of the 
pressure averages of the reaches. 

Sp r ink le r  discharges for  various pressures may be taken from 
manufacturer 's performance tables. Table 7 may be used fo r  
nozzle combinations not found in  manufacturer's performance 
tables. The average discharge f o r  a l a t e r a l  i s  the s p r i n k l e r  
discharge a t  average pressure times the number o f  s p r i n k l e r s  
on the l a te ra l .  

Table 8 may be used t o  determine the app l i ca t i on  r a t e . o f  
s p r i n k l e r s  a t  var ious discharges and spacings. 
operat ion t i m e  t o  make the required net app l i ca t i on  for  any 
l a t e r a l  s e t t i n g  i s  requi red net app l i ca t i on  amount d iv ided 
my m i n i m u m  app l i ca t i on  r a t e  ( s p r i n k l e r  having lowest pres- 
sure). This value i s  then d iv ided by the s p r i n k l e r  
e f f i c i ency .  

The hours of 

The Spr ink le r  System Evaluat ion Sheet, Form OH-ENG 137 pro- 
v ides an o r d e r l y  means for recording evaluat ion data. Ex- 
amination of the data w i l l  ind icate i f  s p r i n k l e r  system 
meets operat ional  requirements or i f  f u r t h e r  assistance by 
the dealer or  i r r i g a t i o n  engineer i s  needed t o  develop a l -  
t e rna t i ves  f o r  c o r r e c t i n g  operat ional  def ic iencies.  



I 1 

c . 

u!%U THEORETICAL DISCHARGE OF SPRINKLER NOZZLES 

Discharge in g.p.0. for following pressures in #/sq.in. 
Nozzle 

3/32 
7/16 

9/64 
5/32 

11/64 
3/16 

13/64 
7/32 

15/64 

17/64 
9/32 

. 5/16 
21/64 
11/32 

2 23/64 

25/64 
13/32 
27/64 
7/16 

29/64 
15/32 
31/64 

17/32 
9/16 

1/8 

1/4 

19.64 

3/8 

1/2 

- - - - - 
- - 
13.7 
15.7 
17.9 
20.2 
22.7 
25.3 
28.0 
30.9 
33.9 
37.0 
40.3 
43.7 
47.3 
50.9 
54.9 
58.9 
63.0 
67.3 
71.6 
79.2 ' . 
89.7 . 

Dia.. 10 15 20 25' 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
0.8 1.0 1.1 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 - - - - - - - 
1.1 
1 a4 
1 .e 
2.2 
2.7 
3.2 
3.7 
4.3 
5.0 
5.7 
6.4 
7.2 
8.0 
8.9 
9.8 
10.7 
11.7 
12.8 
13.8 - - - 
- - - - - 

1.3 
1.7 
2.2 
2.7 
3.3 
3.9 
4.6 
5.3' 
6.1 
6.9 
7.8 
8.8 
9;s 

10.9 
12.0 
13.1 
14.3 
15.6 
16.9 - - - - - 

-. - - - 

1 e5 
2.0 
2.5 
3.1 
3.7 
4.5 
5.3 
6.1 
7.0 
8.0 
9.0 

10.1 
11.3 
12.6 
13.8 
15.1 
16.6 
18.0 
19.6 
21.1 
22.8 - - - - - - - 

1.7 
2.2 
2.8 
3.5 
4.2 
5.0 
5.9 
6.9 
7.9 
9.0 

10.1 
11.3 
12.6 
14.0 
15.4 
16.9 
18.5 
21.0 
21.9 
23.6 
25.5 - - - - - - - 

1.9 
2.4 
3.1 
3.8 
4.6,  
5.5 
6.5 
7.5 
8.6 
9.8 

11.1 
12.4 
13.8 
15.3 
16.9 
18.6 
20.3 
22.1 
23.9 
25.9 
27.9 
30.1 
32.2 - - - - - 

I 2.0 
2.6 
3.4 
4.1 
5.0 
6.0 
7.0 
8.1 
9.3 

10.6 
12.0 
13.4 
15.0 
16.6 
18.3 
20.0 
21.9 
23.8 
25.9 
28.0 
30.2 
32.5 
34.8 - - - - - 

2.2 
2.8 
3.6 
4.4 
5.4 
6.4 
7.5 
8.7 

10.0 
11.3 
12.8 
14.3 
16.0 
17.7 
19.5 
21.4 
23.4 
25.6 
27.7 
29.9 
32.3 
34.7 
37.2 
39.8 
42.5 - - - 

2.3 
3.0 
3.8 
4.7 
5.7 
6.8 
7.9 
9.2 

10.6 
12.0 
13.6 
15.2 
16.9 
18.8 
20.7 
22.7 
24.8 
27.0 
29.3 
31.7 
34.2 
36.8 
39.5 
42.2 
45.1 - - - 

2.4 
3.2 
4.0 
5.0 
6.0 
7.1 
8.4 
9.7 

11.1 
12.7 
14.3 
16.0 
17.9 
19.8 
21.8 
23.9 
26.2 
28.5 

33.4 
36.0 
38.8 
41 e6 
44.5 
47.5 
50.7 
55.6 

30.9 

- 

2.5 
3.3 
4.2 
5.2 
6.3 
7.5 
8.8 

10.2 
11.7 
13.3 
15.0 
16.8' 
18.7 
20.8 
22.9 
25.1 
27.4 
29.9 
32.4 
35.1 
37.8 
40.8 
43.7 
46.7 
49.9 
53.2 
58.3 - 

2.7 
3.5 
4.4 
5.4 
6.6 
7.8 
9.2 

10.6 
12.2 
13.9 
15.7 
17.6 
19.6 
21.7 
23.9 
26.2 
28.7 
31.2 
33.9 
36.6 
39.5 
42.5 
45.6 
48.8 
52.1 
55.6 
60.0 
68.4 

- - 
3.6 3.7 
4.6 4.7 
5.6 5.9 

6.8 7.1 
8.1 8.4 
9.5 9.9 

11.1 11.5 
12.7 13.2 
14.4 15.0 

.18.3 19.0 
16.3 16.9 

20.4 21.2 
22.6 23.4 
24.9 25.8 
27.3 28.3 
29.8 31.0 
32.5 33.7 
35.3 36.6 
38.1 39.6 
41.1 42.7 
44.2 45.9 
47.4 49.2 
50.8 52.7 
54.2 56.3 
57.8 60.0 
63.4 65.9 
71.3 74.1 

- - - 
6; 1 
7.3 
8.7 

10.2 
11.9 
13.6 
15.5 
17.5 

21.9. 
19.7 

24.2 
26.7 
29.3 
32.1 
34.9 
37.9 
41 .O, 
44.2 
47.5 
'51.0 
54.5 
58.2 
62.2 
68.3 
77.0 

- - - 
6.3 
7.6 
9.0 

10.6 
12.3 
14.1 
16.0 
18.1 
20.3 
22.6 
25.0 
27.6 
30.3 
33.1 
36.1 
39.1 
42.3 
45.6 
49.1 
52.6 
56.3 
60.1 
64.2 
70.6 
79.6 

- - - - - 
9.3 

10.9 
12.6 
14.5 

18.6 
20.9 

16.5 

23.3 
25 e 8  
28.4 
31.2 
34.1 
37.2 

.40.3 
43.6 
47.0 
50.6 
54.2 
58.1 
62.0 
66.0 
72.8 
82.2 

- - - - - 
9.6 

11.2 
13.0 
14.9 
16.9 
19.2 
21 -5 
24.0 
26.5 
29.3 
32.1 
35.1 
38.2 
41 e5 
44.9 
4.8.4 
52.0 
55.7 
59.7 
63.8 
68.1 
75.0 
84.8 

- - - - - - - 
13.4 

17.5 
19.7 
22.1 
24.6 
27.3 

15.3 

30.1 
33.0 
36.1 
39.3 
42.6 
46.1 
49.7 
53.5 
57.4 
61 -4 
65.5 
70.0 
77.1 
87.3 

5/8 - - - - - - - - - - 82.8 86.3 89.8 93.3 96.6 99.8 102.9 106.0 109.0 8 . .  
I q = 29.85 cdz fl where c = coeff. of discharge of nozzle (taken as 0.96 in these computations). * 



TABLE 8 G.P.Y. CONVERTED TO APPLICATION RATE - INCHES PER HOUR 

Spacing Gallons Per Minute Fran Each Sprinkler . .- 
Feet 1 2 3 4  5 6 7 8 9 10 11 12 15 18 20 25 

a 20x20 e24 e 4 8  
ci 20x30 016 e32 

20x40 
20x50 
20x60 
25x25 

30x30 
30x40 
30x50 
30x60 

40x40 
40x50 
40x60 
40x80 

w 50x50 
50x60 
50x70 

60x60 
60x70 
60x80 

)J 

012 -24 
.lo .20 
-08 -16 
a15 e30 

.ll .21 
16 
13 

.ll 

.12 

.10 

72 
.4a 
.36 
30 
24 
.46 

32 
24 
19 
16 

.18 

.I4 

.12 
09 

.12 

.10 

96 
.64 
.48 
e40 
32 
-61 

.43 
32 
25 
.21 

24 
19 
16 
.12 

15 
13 

.ll 

.ll 

1 :20 
.80 
e60 
a50 
.40 
.77 

.54 

32 
-27 

30 
e 24 
.20 
15 

.40 

19 
16 
14 

13 
.ll 
.10 

1.44 1.68 
e96 1.14 
-72 -84 
-60 -70 
-48 e56 
092 1.07 

e64 -70 
e48 e52 
.30 .44 
e32 -37 

-36 e42 
-29 -33 
e24 -28 
018 .21 

.23 -27 
019 e22 
017 -19 

-16 a18 
-14 -16 
.12 .14 

1.92 
1.28 1,44 
e96 1.08 
e 8 0  -90 
-64 e72 
1.23 1.38 

-86 e %  

-64 -72 
.51 .57 
.43 .48 

.48 .54 

.30 .43 
-32 e36 
e24 -27 

-31 . -35 
-26 e29 
e22 e25 

e21 -24 
.18 .20 
.16 .18 

1.60 
1.20 
1.00 
.80 

1 e54 

1.07 
.80 
64 
.53 

60 
.48 
e40 
30 

.39 
32 
.28 

e27 
23 
.20 

1.76 1.93 
1.32 1.45 
1.10 1.20 

-88 -96 
1.70 1.85 

1.18 ' 1.28 
-88 e96 
.70 .76 
-58 e64 

-66 ' e72 
.53 .58 
.44 .48 
-33 -36 

.42 .46 

.35 .39 
-30 e33 

-29 -32 
-25 e27 
-22 -24 

1.81 
1.50 
1.20 
2.31 

1.61 
1.20 
.% 
.80 

90 
-72 
-60 
.45 

.58 

.48 
r41 

-40 
.34 
30 

2.17 
1.80 2.00 
1.44 1.60 2.00 

1.93 2.14 
1.45 1.61 
1.15 1.28 
-96 1.07 

1.08 1.20 
86 96 
72 .80 
.54 -60 

69 .77 
.58 64 
.49 .55 

.48 -- e53 
-41 46 
36 .40 

2.01 
1.60 
1.34 

1.50 
1.20 
1.00 
.75 

96 
.80 
-69 

e67 
.57 
.50 

I = application rate in inches per hour 
0 = sprinkler discharge in 9.p.m. 
S1 = spacing of sprinklers on lateral in feet 
Sm = spacing of laterals along main line in feet 
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Fue I . 

Layout Sketch o f  Sp r ink le r  System 
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OPERATION DATA 

SPRINKLER PRESSURES: (Measured by Gage With P i t o t  Tube) 

A t  Main End o f  Latera l  Pm = P Ps i  

A,t D i s t a l  End o f  Latera l  Po = Psi  

AVERAGE PRESSURE : Pa = Po + 4 (Pm - Po) = + t  - 
P s i  

AVERAGE SPRINKLER DISCHARGE: qa = gpm and 

Wetted Diameter f t .  ( f rom Mfgrs. Charts & Observation) 

APPLICATION RATE: I = inches per hour (From Tables) 

gPm - - SYSTEM CAPACITY: Q = qa x n = X 
( n  = No. o f  Spr in l t lers)  

PRESSURE AT PUNP: Pp = Psi  Length o f  Main to  Lateral  feet  

Z o f  Total  Pressure Loss i n  Main t o  Pump Pressure = 9E 

PP - Pm x I00 = x l o o =  ' x , .  

PP 

Observa t ions : 
Net i r r i g a t i o n  desired inches. 
I s  water being absorbed by t i m e  s p r i n k l e r  making a complete 
r e v o l u t i o n ?  
Average wind v e l o c i t y  dur ing operat ion hours mph. 

Recomnendations 

. 
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I HR GAT1 ON FOR FROST .PROTECT I ON 

S p r i n k l e r  i r r i g a t i o n  systems can be used f o r  f r o s t  p ro tec t i on .  However, 
the  o rd ina ry  system i s  l i m i t e d  because o f  the area i t  i s  ab le t o  cover 
w i t h  one s e t t i n g  o f  the l a t e r a l  l ines .  For f r o s t  c o n t r o l ,  the i r r i g a t i o n  
system must have enough capac i t y  and l a t e r a l s  t o  cover t h e  e n t i r e  area 
t o  be p ro tec ted  w i t h  a f i n e  m is t  of water.  Such systems are o f t e n  c a l l e d  
sol  i d  s e t  systems. 

S p r i n k l i n g  u t i l i z e s  the l a t e n t  heat o f  fus ion  re leased when water chances 

l a t e n t  heat o f  f us ion  i s  re leased when the w a t e r  f reezes on the p l a n t  
sur face.  The heat thus re leased mainta ins i ce  temperatures around 32' F. 
and the i ce  ac ts  as a b u f f e r  against  c o o l i n g  o f  p l a n t  sur faces by rad ia -  
t i o n  o r  con tac t  w i t h  c o l d  a i r .  The p r i n c i p l e  i s  v a l i d  and the process 
i s  e f f e c t i v e  on ly  so long as the water a p p l i c a t i o n  and subsequent i ce  
fo rmat ion  cont inues. Not a l l  o f  the heat i s  r e t a i n e d  by the ice. Some i s  
l o s t  t o  c o l d  a i r  i n  contac t  w i t h  the ice,  and some- is  l o s t  t o  evaporat ion 
and sub l imat ion  a t  the water- ice surface. 

' f rcm the l i q u i d  form t o  ice.  The water i s  app l i ed  as a f i n e  spray and the 

The r a t e s  o f  water a p p l i c a t i o n  t o  p rov ide  f r o s t  p r o t e c t i o n  are r e l a t i v e l y  
low, rang ing  frcm 1/10 t o  116 o f  an inch per  hour. This r e l a t i v e l y  low 
a p p l i c a t i o n  r a t e  requ i res  spec ia l  system design o f  mains and l a t e r a l s  
u s i n g  low gal lonage s p r i n k l e r s .  Clean water  i s  a l so  a must, s ince  f o r e i g n  
m a t e r i a l  i n  the water  can e a s i l y  c l o s  the smal l  s p r i n k l e r  o r i f i c e s .  

The f r o s t  c o n t r o l  system should be turned on when a i r  temperature a t  the 
p l a n t  leve l  reaches 34' F. An alarm system c o n s i s t i n g  o f  a thermo-switch 
s e t  i n  the f i e l d  a t  the p l a n t  leve l  and w i r e d  t o  an a larm b e l l  i n  the 
house w i l l  warn the opera tor  when t o  t u r n  the system on. 

S p r i n k l i n g  should cont inue u n t i l  the ice  has mel ted loose from the p lan ts .  
I f  the water supply i s  c u t  o f f  p r i o r  t o  t h i s  t i ne ,  the supply o f  heat 
i s  a l s o  c u t  o f f ,  and sub l ima t ion  w i l l  reduce the temperature o f  the i c e  
su r face  t o  the w e t  bu lb  temperature i f  there  i s  s u f f i c i e n t  wind. I n  d ry  
a i r  t h e  w e t  bu lb  temperature may be severa l  degrees below the dry  bu lb  
o r  a i r  temperature and i f  the sub l imat ion  process cont inues over a p e r i o d  
o f  t i m e ,  the temperature o f  the e n t i r e  mass o f  i c e  and p l a n t  w i l l  approach 
the wet bu lb  temperature. I t  i s  t he re fo re  necessary t o  cont inue constant  
a p p l i c a t i o n  o f  water  u n t i l  the wet bu lb  temperature i s  above the c r i t i c a l  
temperature o f  the p l a n t .  

F ros t  p r o t e c t i o n  w i t h  i r r i g a t  
s t rawber r i es  and p l a n t s  which 
weight  o f  the accumulated i ce  
p l a n t s  and f r u i t  t rees.  

OR works bes t  on low-growing crops such as 
are  no t  broken by the weight  o f  ice.  The 
may o f  ten damage t a l  I-growing vegetable 
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I RR GAT I CN WATER REQU I GEhEKTS 

I n  the eva lua t ion ,  development and management o f  i r r i g a t i o n  water  supp l ies  
i t  i s  e s s e n t i a l  t ha t  the i r r i g a t i o n  water  requirements f o r  var ious  crops 
b.e known. Table 9 conta ins  the  monthly and seasonal ne t  i r r i g a t i o n  water 
requi rements f o r  the major i r r i g a t e d  crops i n  Ohio. This  data was pre- 
pared us ing  TR-21 as a guide. I n  determin ing ne t  i r r i g a t i o n  water requ i re -  

s the ten geographical  d i v i s i o n s  o f  the s t a t e  as shown i n  F igure  4 are 
d i v i s i o n s  used by the U. S. Weather Bureau, 

s i o n  averages f o r  l a t i  tude, temperature and r a i n f a l  I w e r e  used. 
ga t i on  water  requirements were determined f o r  each crop based upon 
t i o n a l  assumptions 'as fo l l ows :  

Net 

Normal ne t  i r r i q a t i o n  amount - equals 50% o f  t o t a l  a v a i l a b l e  
mois tu re  capac i t y  w i t h i n  the r o o t  zone depth o f  t h e  crop when grown 
i n  a s o i l  hav ing average mois tu re  ho ld ing  capac i ty .  

Carrvover s o i l  mo is tu re  - The amount o f  water  ( Inches)  w i t h i n  t h e  
r o o t  zone depth o f  t h e  s o i l  p r o f i l e  t h a t  i s  a v a i l a b l e  t o  the p l a n t  
f rom s o i l  mo is tu re  s to rage of  w i n t e r  and s p r i n g  p r e c i p i t a t i o n .  
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Table 9 

Monthly 
- Jun 
3.9 
4.1 
4.3 

2.2 

2.7 

3.3 
3.5 
3.7 

1.5 
1.4 
0.4 
0.7 
1.0 
2.4 

0.9 
1.0 
1.8 
1.9 

1.0 
1 . 1  
1 . 1  
3.7 
4.0 
3.0 
3.2 
3.1 

I 

Jul- 
4.9 
5.3 
5.5 
2.4 

2.8 
3. I 
1.6 

1.6 
2. I 
1.6 - 
2.0 
2.3 
2.9 
3.1 

4.1 
4.5 
4.3 
4.6 
4.9 
5.6 
3.0 
3.5 
3.4 
3.7 
2.6 
2.8 
3.6 
3.9 
3.4 
3.8 
3.9 
2.9 
3.4 
3.6 
4.2 
3.9 

O H I O  

2 
Seasona 
td 

13.9 . 
14.4 
15.4 
3.9 

4.6 
5. I 
2.6 

3.7 
3.5 
4. I 
4.7 
4.8 
5.7 
6.0 

6.6 
7.2 
8.7 
9.6 
10.6 
1 1 . 1  
6.0 
6.9 
4.7 
5.5 
4.5 
5. I 
5.3 
5.7 
5.7 
6.4 
6.7 
6.5 
7.3 
8.6 
9.7 
9.6 

-- 
.- 

' 12 Monthly and Seasonal Net I r r i g a t i o n  Water Requirements . 

I 
D 

16.2 
17.1 
lb.1 
5.6 

6. I 
6.6 
3.6 

4.5 
4.5 
5. I 
5.5 
6.2 
7 . 0  
7.4 

8.0 . 
8.5 
10.6 
11.5 
12.4 
12.9 
7.7 
8.5 , 

6.3 
6.8 
6.4 
7 . 0  
6.2 
6.6 
7.9 
8'. 6 
9.2 
8.0 
8.8 
10.6 
I I .7 
12.4 

.3 

Crop, Div is ion.  Growth Period 
A l f a l f a  - CH, NEH - 4/20-10/16 

WC, C, SE, SW, SC, NE - 4/1-10/21 
t W p  NC - 4/10-10/31 

Beans, Lima - SE - 6/15-9/15 
NW, NE, WC, C 
CH, NEH, SW, SC 
NC 

NW, NC, NE, WC, C 

2nd plant .  - CH, NEH 
NE, SE, SW, SC 

Cabbage - CH, NEH, SW 
NE, WC, C, SE, SC 

Beans, Snap - 1st p lant .  - CH, NEH 

' SE, SW, SC - 5115-7/15 

NW, NC, WC, C - 7/1-8/31' 

NW, NC - 5/1-7/31 
Celery - NE, SC, C, CH 

NEH, SE, SW, SC 
NW, NC - 6/1-B/31 

Corn, Grain - CH, NEH - 5/20-9/30 
WC, C, SE, SW, SC 
NC, NE 
NW - 5/1-9/15, 
NW, NE, WC, SW, NC - 6/15-9/13 
NW, NC, NE, WC, SW - 6/1-8/31 

torn,  Sweet - C, CH, NEH, SC, SE 

Cucumbers - C, CH, NEH, SC, SE 

Srapes - CH, NEH, SC - 5/1-9/30 
Lettuce - C, CH, NEH, SC, SE 

Helons - WC, C, SC, SE 

NW, NC, NE, WC, C, SW, SE 

NW, NC, NE, WC, SW - 6/20-8/31 
NW, NC, NE 
CH, NEH, SW - 5/20-9/X, 

3nions - NE, WC, C, CH, NEH, SC, SE 

3rchards, w/cover - NE, C, SC, SE 
NW, NC, SW - 4/20-7/31 
NW, NC, WC, CH, NEH 
SW - 5/1-9/30 

- 
Mav 

I .6 
I .7 
I .5 

0.6 
0.6 
0.6 

I .4 
I .4 
0.4 
0.4 
I .3 

See page 2 for  Graphical D i v i s i o n  Codes'and explanations. 
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Aug 
3.9 
4.3 
4.5 
3.2 

3.3 
3.5 

2.4 
3.3 
3.5 

2.4 
2.6 
4.5 
4.8 
4.0 
4.9 
4.4 
4.7 
2.0 
2. I 
2.0 
2.3 
2.6 
2.7 
3.0 
3.2 
3.6 

3.0 
3.3 
3.4 

Sep 
I .9 
I .7 
2.3 

I .4 
I .4 
I .7 

0.3 
0.3 

0.5 
0.5 
0.6 

0.6 
0.6 
0.7 



~ 

Table 9 (cont.1 -2- 
,-. 

Nbnthly and Seasonal Net l r r l g a t l o n  Water Requirements 

OHIO 
I. . . . I  

crop. Div is ion.  Gr-th Per iod M S Y  

Pasture - CH, NEH - 4/5/-10/31 I .7  

SW - 3/25-10/31 3. I 
NW, NC, NE, WC, C, SC, SE - 4/1-10/31 1.9 

Peas, Green - A l l  d i v i s ions  - 4/16 /30  2.0 
Peppers - C, CH, NEH, SC, SE 

Potatoes, Ea r l y  - CH, NEH 
W, NC, NE, WC, SW - 6/1-8/31 

NW, NE, C, SW, SC, SE 0.3 
NC, WC, - 4/20-8/20 

Dotatoes, Late - W, NE, WC, 
C, CH, NEH, SW, SC, SE 
NC, - 5/15-9/15 

Radishes - A I  I areas 
P l o t  I 2.6 
P l o t  2 2.0 
P l o t  3 I .5 

WC, C, CH, NEH, SC, SE 2.8 
Str twberr les,  Ear ly  - NW, NC, NE 

SW - 4/156/15 3.6 

C, CH, NEH, SC, SE 2.5 
NW, NC, SW - 4/156/30 2.6 

C, SW, SC, SE 

Strawberries, Evrbrng, NE, WC 

Tobacco - CH, NEH 

Pm, NC, NE, WC - 5/20-8/31 

NW, NC, WC, SW - 5/20-8/31 
Tomatoes - NE, C, CH, NEH, SC, SE 

NW - Northrrest 
NC - North Central  
NE - N0rthes.t 
WC - West Centra l  

I - 
Jun 

3.6 
3.8 
3.8 
2.8 
0.7 
0.9 
2.8 
3.0 
3.2 

0.9 
1.1 

2.7 
2.3 
2.8 

I .2 
1 .o 

3. I 
3.4 
I .  I. 
1.5 
I .6 
0.8 
0.9 

_c_ 

Graphical D iv i s ion  Codes 

2 
i t h l y  

Ju I 

4.5 
4.7 
4.7 

4.0 
4.3 
4.8 
5. I 
5.6 

4.3 
4.8 

2.2 
2.2 
2.4 

4.8 
5. I 
5.7 
4.5 
4.8 - 

Au a Sep 

3.9 2.5 
4.3 2.8 
4.2 2.8 

2.0 
2. I 
I .9 
2.1 
2.2 

4.8 1 .o 
4.9 0.9 

I .5 1.6 
I .9 I .o 
I .o 1 . 1  

2.9 
3. I 
3.3 
2. I 
2.6 

C - Central SW - Southwest 

NEH - Northeast H i l l s  SE - Southeast 
CH - Central H i l l s  SC - South Central 

3 
Seasc 

N - 
13.6 
14.8 
16. I 
3.2 
5.0 
5.8 
7.6 
8.5 
9. I 

8.9 
9.9 

0.6 
1 . 1  

3. I 
3.7 

4.4 
4.8 
7.4 
7.9 
8.8 
5.4 
6.4 - 

a l  
D 

16.2 
17.5 
18.6 
4.8 
6.7 
7.3 
9.5 

10.5 
11.0 

11.0 
11.7 

10.6 
10.0 
9.8 

4.0 
4.6 

5.6 
6.0 
8.8 
9.7 

10.6 
7.4 
8.3 

- 
I_ 

- 

Heading I - L i s t s  the crop, graphical d i v i s i o n  and growing per iod considered fo r  the crop. 

Heading 2 - L i s t s  m n t h l y  net i r r i g a t i o n  amunts i n  inches fo r  dry seasons as def ined below. 

Heading 3 - L i s t s  the normal (N) and d r y  (0) net i r r i g a t i o n  requirements for  the season. 
The seasonal values under c o l u m  D are the 10% chance net i r r i g a t i o n  water 
requirements fo r  truck crops and the 20% chance net i r r i g a t i o n  water require- 
ment f o r  the crops o f  a l f a l f a ,  corn for grain, grapes, orchards and pasture. 

20% chance- ind icates net water requirement w i l l  equal o r  be less than the amount 8 years 
o u t  o f  io. 

10% chance- ind icates net water requirement w i l l  equal or  be less than the amount 9 years 
o u t  of IO. 
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APPEND1 X 

DEFINITIONS 

Ava i l ab le  Moisture, o r  a v a i l a b l e  water  ho ld ing  capac i ty  i s  the 
amount o f  water  the s o i l  w i l l  h o l d  between f i e l d  capac i ty  and 
the  permanent w i l t i n g  po in t .  

F i e l d  Capacity i s  the amount o f  water  a w e l l  dra ined s o i l  ho lds 
a f t e r  f r e e  water  has dra ined o f f ,  o r  the maximum amount i t  can h o l d  
aga ins t  g rav i t y .  . 

Consumptive use, o f t e n  c a l l e d  evapotranspi rat ion,  includes water 
used by p l a n t s  i n  t r a n s p i r a t i o n  and grawth and tha t  evaporated 
f rom adjacent s o i l  and from p r e c i p i t a t i o n  in te rcepted  by p l a n t  
f o l  iage. 

A p p l i c a t i o n  Rate, i s  the r a t e  tha t  water  can be app l ied  t o  a so i l  
du r ing  t i m e  requ i red  f o r  the  s o i l  t o  absorb the depth o f  appl.ica- 
t ion w i thou t  r u n o f f  f o r  the cond i t i ons  o f  s o i l ,  s lope and cover. 

Net Water App l ica t ion ,  i s  the amount o f  mo is tu re  t o  be rep laced 
a t  each i r r i g a t i o n  and i s  the amount the s o i l  can h o l d  between 
f i e l d  capac i t y  and the s t a r t i n g  mois ture leve l .  The s t a r t i n g  
mois ture leve l  i s  taken as 50 percent a v a i l a b l e  moisture. 

, Gross Water App l ica t ion ,  i s  the'amount t h a t  must be app l ied  t o  
the sur face t o  be sure enough water  en te rs  and i s  he ld  in  the s o i l  
t o  meet the  n e t  r e q u i r e m e n t ' f o r  each i r r i g a t i o n .  For design 
purposes, i r r i g a t i o n  water  a p p l i c a t i o n  by s p r i n k l e r s  i s  considered 
to  be about 70.percent  e f f i c i e n t .  

D e s i m  Use Rate, i s  the average f o r  several days dur ing  the pe r iod  
o f  most r a p i d  water demand by the c rop  and by d i r e c t  evaporation. 

I r r i q a t i o n  In te rva l ,  r e f e r s  t o  the a l l w a b l e  number o f  days to 
complete an i r r i g a t i o n  on the  design area. I t  depends on the design 
use r a t e  of a crop and on  the amount o f  ava i l ab le .mo is tu re  i n  the 
r o o t  zone (mois ture e x t r a c t i o n  depth) between f i e l d  capac i ty  and the 
s t a r t i n g  mois ture l eve l  f o r  i r r i g a t i o n .  



ALPHABETICAL LISTING OF OHIO S O I L S  

JANUARY I970 

P r i n c i p a l  Soi I P r  inc  i pa I Soi I 
Soi I Mapping Management s o i  I Mapping Management 

Number Group 
( 2 )  ( 3 )  

Ser i es Number Group Ser i es 
( 1 )  (21 ( 3 )  ( 1 )  

Ab i ng ton  
Absco t a  
A I exandr i a 
A I f o r d  
Algansee( I i k e )  

A l g i e r s  
A I legheny 
A I  I i s  
A l v i n  
Arkpor  t 

279 608 
I A4 I84 
694 604 
7K4 274 
I A 2  I 02  

I18 I18 
394 274 
7C I 70 I 
AI(Ross Co) 275 
X8550 

(Henry Co) 953 

B r a t t o n  574 
B r a t t o n (  l i k e ) ,  

Brooke 4546,456 
Rock y S 576 

Brooke-Upshur etc .  506 

Brooke-Upshur , 
rocky S 506 

Brooks i de 4A4 
Brooks ton 608,678 
Brooks ton ( l i ke1  

7 p r o f i l e  607 

783 

S5 I 
'486 
486 

S 5  I 
783 
608 

608 

Arnhe i m  262 602 Brough ton 633 623 
Ash ton  . I  F4 274 Bruno( I i k e l  I85 I84 

A t k i n s  141 , I61 141 Byington 593 713 
Avonbur g 752 39 2 Caesar 243 274 

A t  her  t o n  3T I 33 I Burg i n  578 9 19 

A y r s h i r e ( l i k e 1  7L2 602 
B a r t l e  222 602 
Beas I ey 544 476 
Be I more 905 275 
Bennington 69 2 682 

Bentonv i  I l e  532 39 2 
Berks Br(Rich.Ca1 406 
B e r r i e n t  l i k e )  9C3 855 
Be the l  60 I 33 I 
B e w l e y v i l l e ( l i k e )  575 404 

B i rkbeck T3 274 

B I anches t e r  757 608 
B loun t  682 682 
B loun t  ( l i k e )  

ove r  c l a y  7 622 

B lago 388 919 

Boehne( l i ke1  I E 5  I84 
Bogar t 3 23 275 
Bo no 919 919 
Boyer Bo(Wi I I iams 

co 1 275 
B r a c e v i l l e  363 713 

Cambridge 7A 3 7A3 
Cana 833,664,663 443 
Canad i c e  97 I 70 I 
Caneadea 972 70 2 
Caneadea(like1, 

3 p r o f i l e  973 703 

C a n f i e l d  . 713 713 
Cap t i na 383 7A 3 
Card ington 693 604 
C a r d i n g t o n ( l i k e 1  

dark sur face P693 P 604 

C a r l i s l e  muck 600 000 
C a r l i s l e  muck 

Casco 256 256 
Casta l  i a  I 646 

( I ike),si I t y  200 000 

Catawba( l ike1 1x4 604 
Cavode Cd(Co1umbiana 

co 1 39 2 
Cel i na  603,6A3 604 
Ceresco 182 I02 
Chagr i n  I 24 I03 



Alphabet ical  L i s t i n g  of  Ohio S o i l s  - 2 

( 2 )  ( 3 )  ( 2 )  ( 3 )  

Channahon 
C henan go 
Chi I i 
Chi l o  
Cinc innat i  

P 646 646 
365 275 
325,365 275 
368 608 
754 604 

D i  by 
D i  Qlon 
Door 
Dubois 
Dunbr i dge 

202 602 
939 ' 938 I 
Do( Logan Co lP604 
342,352 39 2 
6463 256 

Duncannon 
Dunn i ng 
Eden 
Eden ton 

' Edwards - 

C I arksburg 
C I averack 
C I ermon t 
Clymer comp 
Cohoctah 

Dt(Wash.Co) 274 
I 58 I08 
516 51s 
756 I 783 
300 00 I 

4A3 783 
963 953 
75 I 75 I 

ex 46 404 
I 84 I02 

Ee I 
E i  f o r t  
E lk  
E l k ins  
E l k i n s v i l l e  

I03 I03 
434 703 
384 274 
I48 I08 
284 274 

Coloma( I ike , 
2 p r o f i l e  842 922 

Coloma(l ike), 
5 p r o f i l e  845 855 

Co I on i e  9352(Ash.C0)855 

Co lwood 9A8 608 

Condi t 69 I 75 I 
Conneau t 331s 33 I 
Con0 t ton 315 256 

Co I yer 596 540 
E l  I i o t t  
E I lsberry  
E l  lsworth 
E I nora 
Ernest 

P6B2 602 
513 783 
703 703 I 

9332(Ash.Co) 855 
41,42 443 

Conover ,Fu.l ton 
co . 602 602 

Coolvi I l e  4 23 443 
Cope 677 608 
Corw i n P 603 P 604 

Fa i r m u n  t 
Fa I 1 sburg 
F a l l s b u r g ( l i k e ) ,  

Fa1 IsbUrg( l ike1, 
2 prof  i l e  

3 p r o f i l e  

S516 S5 I 
8 I 4  604 

812 702 

813 703 
Cory don 536.. S51 
Coshocton etc. 446 783 Fawce t t 

F i ncast I e 
F i t c h v l l l e  
For e sma n 

582,422,442 392 
672 602 
332 602 
P9A3 P604 

Crane 
C r  i der 
Crosby 

302 602 
524 404 
602,6A2 602 

Cruze 
Damascus 
Dana 
Dan bu r y 
Darroch 

Cw(Ross Co) 443 
32 I 33 I 
P673 P 604 
P912 622 
P9A2 602 

Fox 
Franks town 
Frankstown(llke1, 

French town 
6 prof  i l e  

275,255,6 I 5  275 
564 404 

566 404 
711,731,7Al 751 

768 638 
912 622 

De f i ance 
Deka I b 
Deka I b,s tony 
De lmar 
D e l  Rey 

I D2 ID2 
4063,4065 406 
4075 S 40 
67 I 33 I 
982 68 2 

F r i e s  
Fu I ton 
Fu I ton( I i ke)  , 
Ga I en 

over sand 2w2 622 
8532 

( E r i e  Co)  953 



Alphabet ica l  L i s t i n g  o f  Ohio S o i l s  - 3 

( 2 )  ( 3 )  (31 

70 I 
27 5 
602 
39 2 
P 604 

783 
602 
39 2 
408 

Gal I i a  
Gasconade 
Geeburg 
Genesee 
Genesee ( I i ke I, 

over sand 

3A4 274 
5166(High.Co) 646 
7x3 6 23 
104 I03 

!L ion 
l on ia  
I va 
Jacksonvi I l e  
Jasper 

7A8(Ash.Co) 
253 
7K 2 
572 
P9A4 

I C4 I64 

Jessup 
J imtown 
Johnsburg 
Jol i e t  
Ka I amazoo 

G i  I f o r d  
G i  l p i n  
G i l p i n  stony 
Gilpin-Wharton- 

Keene 

9584tHenry Co) 958 
6 406 

S406 S 40 

764 
3 22 
402 
648s 

446 443 Ka(WiIl iams C01274 

Kane 
Keene 
Keene ( de 

var i a n  
Kenda I I v  
Kers ton 

K ibb ie  
K i  I lbuck 
K i  I ldeer 
Kings 

302 
443 

602 
443 

Ginat 
G I  enford 
Granby I f s  o r  

Granby f s l  
Grayf o r d  

coarser 

36 I 33 I 
333 274 

p ' s i l t  
1 
I l e  

938 938 
9384 9 58 
784 783 

444 
605 
I O 0  

783 
604 
000 

Grayford ( l i k e ) ,  

Grayford ( l i k e ) ,  

Gresham 

2 p ro f  i l e  

3 p r o f i l e  

9A 2 602 
I37 ~ 118 
99 8 638 
219 919 
93 14(Ash.,Co) 932 

782 392 

783 783 
792 712 Kingsvi  I l e  

Guernsey 
Hackers 
Hagers town 
Haney 
Hanover 

463 ' 783 
34 274 

534 404 
2D3 274 
794 274 

Kokomo 
L a i d i g  

609 608 
La  (Co lurnb i ana 

co 1 . 404 
3D5 855 
I64 164 

Lak i n  
Landes 

La t ham 
L a t t y  
Lawrence 
Lenawee 
Lew i sburg 
L i b r a r y  

4 26 476 
9x8 9 19 
542 39 2 
988 608 
6s 3 683 
482 602 

Hartshorn I 54s (Monroe 

2A2 
243,353 
526 
S 526 

606 
282 
755 
121 
252 

7C2 
7c3 
7H4 

I 54 

co I 

6288,6286 

I64 
602 
713 
646 
S5 I 

604 
602 
683 
141 
602 

70 I 
702 
7A3 
628 
I03 

Hask i ns 
Haubs tad t 
Hei t t  
H e i t t  rocky 

L i ckda I e 
L i ck  ing 
L i ndsi de 
L i wood  
Lippi .ncott  

Hennep i n 
Henshaw 
H i ckory 
Hol l y  
Homer 

408 408 
383 703 
I53 I03 
6005 005 
2786 

(Champaign C01608 
16 406 L i t z ,  complex Hornel I 

H o r n e l l ( l i k e 1  
Hosmer 
Hoy tv i  I l e  
Hunt ington 

40s L i t z ,  stony complex 17 
Lobde I I I23 I03 
Lora i n 978 9 19 
Lorento P 256 256 
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Alphabetical L i s t i n g  of Ohio S o i l s  - 4 

1 1 1  (2) (31 ( I )  

Lorenzo-Rodman 15 256 
Loodon 763 783 
Loudonvi l le 746,806,804 404 
Loudonville,3 p r o f i l e  743 404 
Loudonvil le, 4 p r o f i l e  744 404 

Lucas 
Luray 
Maddox 
hlahalasvi I l e  
Mahon i ng 

lrbn I ove 
Mar en go 
tclark I and 
t i b r t i n s v i l l e  
hbss i e 

913, 
338 
514 
hla ( C I ark 
702 

T4 
698,718,738 

213,214 
264 
242 

623 
608 
404 

Co I608 
702 * 

274 
608 
703 
274 
602 

hbsh annon 
h~ I I i ns 
Muren 
Musk i ngum 
Musk i ngum stony 

Nap panee 
Neopo I i s  
Neg I ey 
Nekoosa 
Neofoma 

Newark 
Newton 
N i cho I son 
N i nevah 
No I an 

Maumee I f s  or  coarser 929 938 Oakv i l l e  
Maumee f s l  9294 958 Ockley 
McGary 212 622 Odell 
Me dw a y 203 103 Olmsted 
Me I v i n I51 141 Opequon 

Men t o r  334 274 Opequon 
hkrrni I I 2A8 608 O r r v i l l e  
Mermi I I ,A I over I2"depth 9 608 Oshtem 
tdetamora 9tu  952 O t i s v i  I l e  
Ale tea PIA32tErie Co1953 Ottawa(l ike1 

Mi  ami an 604,6A4 604 Ottokee 
Mi  I I Creek 244 274 Ottokee( I ike), 
M i  I lgrove 2D8 608 2 p r o f i l e  
M i  I lsdale 648 648 Ohvay 
M i  I ton 644 486 Ohvel I 

Milton-Fox over Ims. Pa inesv i l l e  
rubble 3 275 P a i n e s v i l l e ( l i k e 1  

M i  ner 707,708,7X8 919 2 prof  i l e  
N i t  iwanga 742 702 P a i n e s v i I l e ( l i k e 1  
A\ i t iwanga ( I i ke I , 3 p r o f i l e  

I p r o f i l e  74 I 751. Papakating 

Monongahe I a 393 7A3 Parke 
lrbnroevi I l e  979 919 Parke ( I  ike), 
hlontgomery 218 919 2 prof  i l e  
hbr I ey 683 683 Parr 
Morocco 932 932 Patton 

(2) (3) 

I64 
40 I 
7K3 
406 
S406,.407 

622 
959 
355 
933 
4N6 

I52 
938 I 
573 
294 
I N4 

I03 
75 I 
274 
406 
S40 

622 
958 
275 
935 
40s 

I02 
938 1 
7A3 
275 
I03 

925 935 
274 274 
P602 602 

S 536 S5 I 
328,988 600 

536,(High Co) 646 
I 22 I02 
3244(Erie Co) 855 
326,726 326 
9c4 855 

923,853 855 

852 
546 
344 

922 
476 
604 

964 953 

962 - 952 

963 953 
I28 I08 

354,774 274 

352 602 
P604 P604 

608 2886 
- .  . 



Alphabet ical  L i s t i n g  o f  Ohio Soils - 5 

( I 1  (21 (31 

Pat ton( l ike) ,8  p r o f i l e  268 608 
Pau l d i n g  
Pavon i a 
Pek i n 
Peoga 

Pewamo 
Phi l o  
P i erpon t 
Pike 
P i  tchin 

P l a i n f  i e  
P latea 
P l a t t v i  1 

Pope 

d 

e 

P r  i nce ton 
Prou t 
Purdy 
Pyrmon t 
Ragsda I e 

Rahm 
Ra i nsboro 
Ramsey complex 
Rando I ph 
Rarden 

Raub 
Ravenna 
Rawson 
Rwson,4 p ro f  i l e  
Rayne 

Red Hook 
Reesvi I l e  
Remsen 
R i f l e  
Reyno I ds 

Rimer 
R i tchey 

6388 638 
Dk(Rich Co1406 
PktRoss Co1274 
221,341 33 I 

688 608 
I 43 I03 
783 7A 3 
344 274 
248 608 

935 935 
782 7A2 
P684 
(Warren CoI486 
144 I03 

7L4 274 
7C25(Erie C1702 
39 I 
6S2 
T8 

I62 
343 
36 

642,682 
424 

P672 
712. 
2A3 
2A4 
4D4 

362 
T2 
7x2 

70 I 
682 
608 

I02 
713 
S 4 0  
622 
443 

602 
712 
274 
274 
404 

602 
602 
702 

Rd(Huron Co)OO9 
968 958 

952 952 
646 646 

R i  tcheyt I i k e l 2  p ro f  i l e  I E  648 
R i  ttman 733,734 7A3 
Rodman 276,616 S5I 

Romeo 64 S 5  I 
Rose Ims 632 632 

( I 1  

Ross 
Rossmoyne 
Rugg I es 
Rush 
Russe I I 

Sad I e r  
S t .C I a i r  
Saranac 
Sard in ia  
Sc io tov i  I l e  

Sebewa 
Sebr i ng 
Sees 
Senecavi i l e '  
Senecav i l l e ( l i ke1  

2 prof  i l e  
S w a r d  
Seward,4 prof  i l e  
Shandon 
Shandon,2 p r o f i l e  
Shandon,3 p r o f i l e  

Sheff i e l d  
Shelocta 
S h i nrock 
Shoals 
Side l  I 

S i sson 
S teeth 
S loan 
Sp i nks 
S t a f  f o r d  

Stendal I ' 

Sumni t v i  I l e  
Sunf i e l d  
Swan ton 
Swanton(like1 

s i l t y  subst. 
Swantonl I i k e l  2 

Taf t 
Taggar t 
Twvas 

prof  i l e  

Tedrow 
Thack e r  y 

(21 (31 

204 I03 
753 713 
984 274 
2R4 274 
674 274 

403 7A3 
623 623 
I S  I 141 
263 274 
363 713 

258 608 
33 I 33 I 
48(hbnroe Co) 404 
163 I03 

I62 I02 
953 953 
954 953 
2C4 953 
x2 952 
2c3 953 

78 I 75 I 
Sh (Wash Co) 443 
963 683 
I02 I02 
P674 P604 

9A4 274 
272 602 
108,109 I08 
855 855 
8C2 922 

I42 I02 
493 443 
2S3Wi I I iamsCo)275 
96 I 932 

9614 938 

962 952 
382 392 
342 712 
600 I 001 ' 

922' 922 
273 274 
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Alphabet ical  L i s t i n g  of  Ohio S o i l s  - 6 

T i  I s i  t 403 404 Viauseon( I i k e l  I fs 
T i  oga I T4 103 and coarser 9 282 938 
Tippecanoe 303 P604 Wauseon f s  I over 
T i t u s v i l l e  793 713 s i l t s  I I  958 
To I edo 916,918Cif9189 919 VIawaka x4 604 

Trappist  594 406 Wayland I21 141 
Trumbul I 70 I 70 I Wea 304 P604 
Tusca r m a  s 40 443 Weikert stony complex 26 S40 
Tusco I a 9A3 274 Weinbach 362 712 
Tygar t 382 702 ' We I I s ton 404 404 

T y g a r t ( l i k e l 1  p r o f i l e  3B I  75 I West I and 278 608 

Tyner 3152(LakeCo)935 Westmoreland 486 406 
Un i o n t w n  263 274 Wes tmore I and rocky S486 S5 I 
Upshur 474,4769 476 Vfe tze I 627(Union Col 919 

Ty I e r  392 392 VJestmore 484 783 

Upshur-Gilpin complex 496 476 Vfetzel 687 608 
Vanda 1 i a 49 443 Vfharton Wo (Co I umb i ana 
Varna P6B3 P604 co l 443 
Vaughnsvi l le 903 602 Wheeling 364 274 
Va nan go 7A 2 7A2 W i  I l e t t e  muck 6009 009 

V i  ncen t 373,374 703 W i  I I iamsburg 264 274 
Wabasha 108, I D 9  I D 9  W i  I I iamson 333(Ash.Col 713 
Wadswor t h 732 7A2 W i  lmer 982 602 
Wa I I i ng ton 332(Ash. Co l 7 I 2 Woods f i e I d 474 443 
VlaI I k i  I I I 30 I18 Woodmere I G3 103. 

Warners 940,949 001 Woolper 24(1;lonroe Col 404 
VJarsm . 305 275 Kooster 714 274 
Wasep i 262 922 Wynn 684 486 
Wash tenaw X 118 Xenia 673 274 
Wauseon 928,9584 958 Zaleski 402 404 

Zanesvi I I e 414 404 
Zipp ( l i k e )  217 919 



. .  

NUMERICAL LISTING OF OHIO SOILS 

JANUARY I970 

P r  i nc i pa I so i  I 
Mapping, , S o i l  Management 
Number Ser i es 

( I )  (2) 
Grou P 

( 3 )  

I Castal i a  646 
3 Milton-Fox over Ims 

rubble 275 
6 G i  l p i n  406 
7 Blount( l ike1over  c l a y  622 
9 MermiII,AI over I2''depth 608 

I I  ' Wauseon f s  I over s i  I ts 958 
15 Lorenzo-Rodman 256 
16 L i t z ,  complex 406 
17 L i'tz,stony complex 40s 
18 R i t c h e y ( l i k e ) 2  p r o f i l e  648 

24(MonroeCo) Woo I per 404 
26 Weikert stony complex S40 
34 Hackers 274 
36 Ramsey comp I ex S 40 
40 Tuscarawas 443 

402 Za I esk i 404 
41 Ernest 443 
42 Ernest 443 
46 Clymer complex 404 
48(hbnroeCo) Sees 404 

49 Vanda I i a  
64 Romeo 
100 Kers ton. 
102 , Shoals 
I03 Ee I 

I04 Genesee 
I06 S loan 
109 S loan 
I18 A I g i e r s  
121 Hol l y  

121 Way I and 
I22 Orrv i  I l e  
123 Lobdel I 
I 24 Chagrin 
128 Papakating 

443 
S5 I 
000 
I02 
I03 

I03 
I08 
I O 6  
I18 
141 

141 
I02 
I03 
I03 
I06 

P r  i nc i pa I 
hbpp i ng 
Number 

( 1 )  

I 30 
I37 
141 
I42 
I43 
144 

146 
151 
I52 
I53 
154 

Soi I 
Ser ies 
(2) 

Y/al I k i  I I 
K i  I lbuck 
Atk ins  
Stenda I I 
Phi lo 
Pope 

E lk ins  
Me I v i n 
Newark 
L i nds i de 
Huntington 

Soi I 
I;bnagernen t 

Group 
(3 )  

118 
118 
141 
102 
103 
103 

108 
141 
102 
103 
103 

154S(Lbnroe Co) Hartshorn 
I56 Dunn i ng 
161 Atk ins  
I62 Senecav i I le ( l i ke) ,  

2 p r o f i l e  

I63 Senecavi l le 
I64 
A2 Algansee( I i ke)  
A4 Abscota 
82 Ceresco 

84 Cohoc t ah 
84 Landes 
85 Bruno ( l i k e )  

I;bs h a n n o n 

184 
108 
141 

102 

103 
103 
I c 2  
I B4 
102 

102 
184 
I 84 

c4 Genesee(like1over sandlB4 
D 2  Def i ance I D2 

08 Wa bas h a 1d9 
D9 VJabasha 109 
E5 Boehne ( l i k e )  184 
F4 Ash ton 274 
I G 2  Rahm 102 

I G3 Woodme r e  103 
I N4 No I an 103 
I S  I Saranac 141 
I T4 Tioga 103 
I X 4  Catawba ( l i k e )  604 

48 



Numerical L i s t i n g  o f  Ohio S o i l s  - 2 

200 

203 IAe dw a y I03 
204 Ross I03 
212 IkGary 622 
213 l a r k  I and 703 

Carl  i s l e  muck( I ike)  
s i  I t y  OOO 

2A3 Rawson 274 
2A4 Rawson, 4 prof  i l e  274 
2A6 L k r m i  I I 608 
2c 2 Shandon, 2 prof  i l e  952 
x 3  Shandon, 3 prof  i l e  953 
2C4 Shandon 9 53 

n t  

3 )  
c 

18 
18 
41 
02 
03 
03 

214 Mark I and 
21 7 Zipp ( l i k e )  
216 Lbn tgomery 
219 K i ngs 
22 I Peoga 

703 
919 
919 
919 
33 I 

2D2 Digby 602 
2D3 Haney 274 
2D8 Mi  I I grove 608 
262 Vlasep i 922 
2R4 Rush 274 

2S3(Wi I I iams Cot Sunf i e l d  275 
a12 Fu I ton( I ikelover sand 622 
300 Edwards 001 
302 Crane 602 
302 Kane 602 

08 
41 
02 
03 
03 

222 Bart  l e  
242 Siass i e 
243 Caesar 
243 Haubs tad t  
244 M i  I I Creek 

602 
602 
274 
713 
274 

134 
06: 
41 

24c P i  t ch in  
252 Homer 
253 lon ia  
255 Fox 
256 Casco 

608 
602 
275 
275 
256 

303 Tippecanoe P604 
304 We a P604 
305 k!arsaw 27 5 
315 Con0 t ton 256 
3152(Lake Co) Tyner 935 

02 

03 
03 
c2 

02 
e4 

258 Sebewa 608 
262 Arnhe i m  602 
263 Sardi n i a  274 
264 Mart insv i  I l e  274 
264 \'Ii I I iamsburg 274 

Pa t ton ( l i ke l8  p r o f i l e  606 
602 

268 
272 Sleeth 
273 Thackery 274 
274 Oclc ley 274 
27 5 Fox 275 

Damascus 33 I 
J imtown 602 

32 I 
322 
323 Bogar t 275 
3244(Erie Co) Oshtemo e55 
325 Chi I i 27 5 

02 
84 

' I 84 
02 

a4 

3 26 O t i s v i  I l e  326 
328 Olmsted 606 
33 I Sebr i ng 33 I 
331s Conneau t 33 I 
332 F i t c h v i l l e  602 

w 
D9 
84 
: 74 
02 

276 Rodman 
278 Yles t I and 
2766(Champaign Co) L ipp inco t t  
279 Abi ngton 
282 Henshaw 

S51 
608 
608 
608 
602 

332(Ash.Co) Nal I ington 
333 G lenford 
333(Ash.Co) \ V i  I I iamson 
334 I.',en t o r  
338 Luray 

712 
274 
713 
274 
606 

03 
03 
41 
03 I 

.a 

283 Union twm 
284 E l k i n s v i l l e  
2886 Pat ton 
294 Id i nevah 
2A2 Hask ins 

274 
274 
60E 
275 
602 

33 I 
392 
712 
713 
604 

34 I Peoga 
342 Dubois 
342 Taggar t 
343 Ra i ns boro 
344 Otwel I 
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Numerical L i s t i n g  o f  Ohio Soils - 3 
( 1 )  (2) (3) 

344 Pike 274 
352 ' Dub01 s 392 
352 P a r k e ( l i k e l 2  p r o f i l e  602 
353 Haubs tad t 713 
354 Parke 274 

355 Neg I ey 275 
36 I Ginat 33 I 
362 Red Hook 602 
362 We i nbach 712 
363 ' Bracevi I l e  713 

363 S c i o t o v i l l e  713 
364 Whee I i ng 274 
365 Chenango 275 
365 C h i  1 i 275 
368 . Chi lo 608 

373 V i  ncen t 
374 V i  ncen t 
382 Taf t 
383 Capt ina 
384 E l k  

39 I Purdy 
392 Ty I e r  
393 hbnongahe I a 

' 394 A I legheny 
3A4 Gal I i a  

703 
703 
392 
7A3 
274 

70 I 
392 
7A3 
274 
274 

T y g a r t ( l i k e l 1  p r o f i l e  751 
702 

38 I 
382 Tygar t 
383 L i c k i n g  703 

305 Lak i n 855 
388 B I ago 9 19 

3T I Atherton 
40 I hzUl I ins 
402 Johnsburg 
403 Sad I e r  
403 T i  I s i  t 

33 I 
75 I 
392 
7A 3 
404 

404 We I Is ton 404 

4063 Deka I b 406 
4065 Deka I b 406 
407 Muskingum stony S40 

406 Musk i ngum 406 

4075 
408 
4 I4 
422 
423 

424 
426 
434 
442 
443 

444 

446 
446 
4546 

456 
463 
474 
474 
4769 

482 
484 
486 
493 
496 

4A3 
4A4 
4D4 
4N6 
506 

(21 (3) 

Dekalb stony 540 
L ickdale 408 
Zanesvi l le  404 
Fawce t t 392 
Coolvi I l e  443 

Rarden 443 
Latham 476 
E i  f o r t  703 
Fawce t t 392 
Keene 443 

Keene(deep s i l t  v a r i a n t )  
783 

Coshocton, e t c  783 
G i  Ipin-Wharton-Keene 443 
Brooke 486 

Brooke 
Guernsey 
Upshur 
Woodsfield 
Upshur 

486 
783 
476 
443 
476 

L i brary 602 
Wes tmore 783 
Wes tmore I and 486 
Sumn i t v i l l e  443 
Upshur-Gilpin complex 476 

Clarksburg 783 
Brooks i de 783 

Neo t o m  40s 
Brooke-Upshur e tc. 486 

Rayne 404 

513 E I l sberry  
514 libddox 
516 Eden 
5166(High.ColGasconade 
524 C r  1 der 

526 Hei t t  
53 2 Ben tonv i l l e  
534 Hagerstown 
536 Corydon 
536tHigh.Co) Opequon 

783 
404 
51s 
646 
404 

646 
392 
404 
S51 
646 
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( 1 )  

542 
544 
546 
564 
566 

572 
573 
574 
575 
578 

582 
593 
594 
596 
600 

600 I 
6005 
6009 
601 
602 

602 
603 
604 
605 
606 

607 
608 
609 
615 
616 

622 
623 
627 
6286 
6288 

632 
633 
6388 
642 
644 

(2) 

Lawrence 
Beas I ey 
Otway 
Franks town 
Frankstwn( l ike1,  

6 p r o f i l e  

Jacksonv i I I e 
Ni  cho I son 
Bra t  ton 
Bewleyvi l l e t  l i k e )  
Burgin 

F w c e  t t 
Byington 
Trappist  
Co I yer 
C a r l i s l e  m c k  

Twas 
L i m o d  
W i l l e t t e  muck 
Bethel 
Conover t Fu I ton Co 1 

Crosby 
Cel ina 
h\i ami an 
K e n d a l l v i l l e  
Hennep i n 

(3) 

392 
476 
476 
404 

404 

392 
7A3 
783 
404 
919 

392 
713 
406 
540 
000 

00 I 
005 
009 
33 I 
602 

602 
6 0 4  
604 
604 
604 

( 1 )  

646 
6463 
648 
648s 
663 

664 
67 I 
672 
673 
674 

(21 

R i  tchey 
Dunbr i dge 
M i  I lsdale 
Jot i e t  
Cana 

Cana 
De I mar 
Fincast l e  
Xen i a 
Russel I 

677 Cope 
678 Brooks ton 
682 Rando I ph 
684 Wynn 
69 I Condi t 

692 Bennington 
693 Card i ng ton 
694 A I exandr i a 
698 Marengo 
6A2 Crosby 

6A3 Cel ina 
6A4 Mi ami an 
682 Blount 
683 t b r  I ey 
6B7(Union Co) WetzeI 

Brookston( l ike)7 p r o f i l e  608 668 
Brooks ton 608 6s2 
Kokomo 608 6S3 
Fox 275 701 
Rodman S51 702 

Nappanee 622 703 
S t .  C l a i r  623 707 
Wet ze I 919 708 
Hoytvi 1 l e  628 71 I 
Hoytvi I l e  628 712 

7 I3 
632 714 

Rose I ms 
Brough ton 623 
Pau ld ing  638 718 
Rando I ph 622 726 
Mi I ton 486 731 

PeWamO 
Pyrmont 
Lew isburg 
Trumbu I I 
Erhhon i ng 

E l  lsworth 
h\ i ner 
IAi ner 
Frenchtwn 
Ravenna 

Canf i e l d  
Viooster 
Marengo 
O t i s v i  I le 
French t w n  

(31 

646 
256 
648 
408 
443 

443 
33 I 
602 
274 
274 

608 
608 
622 

’ 486 
75 I 

662 
6Q4 
604 
608 
602 

604 
604 
682 
683 
608 

608 
682 
683 
70 I 
702 

703 
9 19 
9 19 
75 I 
712 

713 
274 
608 
326 
75 I 
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732 Wadswor t h  
733 R i  t tman 
734 R i  ttman 
738 Morengo 
74 I Mit iwanga ( I  i ke ) ,  

I p r o f i l e  

742 Mi t iwanga 
743 Loudonvi I le, 3 

p r o f  i l e  
744 Loudonvi I le, 4 

p ro f  i l e  
746 Loudonvi I l e  

75 I C I ermon t 
752 Avon bur  g 
753 Rossmoyne 
754 C i n c i n n a t i  
755(Clermont Co) Hicko ry  

756 Edenton 
757 Blanchester  
763 Loudon 
764 Jessu p 
774 Parke 

793 

794 
7A I 
7A 2 
7A3 
7A8 

7B I 
782 

. 763 
7C I 

782 Gray ford  ' ( l i k e ) ,  

763. Gray ford  ( l i k e ) ,  

784 Gray f o r d  
792 Gresham 

2 p r o f i l e  

3 p r o f i  l e  

T i  t u s v i  I l e  

Hanover 
French town 
Venan go 
Cambr i dge 

Ash Co) I l i o n  

, S h e f f i e l d  
P la tea  
P ie rpont  
A I  I is 

7C 2 Hornel I 

( 3 )  

7A 2 
7A 3 
,7A3 
608 

75 I 

702 

404 

404 
404 

75 I 
39 2 
713 
604 
683 

783 
608 
783 
783 
274 

392 

783 
783 
712 
7 I 3  

274 
75 I 
7A2 
7A 3 
70 I 

75 I 
7A 2 
7A3 
70 I 
70 I 

7C25(Erie Co) Prout 
7c 3 Horne 1 
7C 6 F r i e s  
7H4 Hosmer 
7K 2 I va 

( 3 )  

702 
( l i k e )  ' 702 

636 
7A3 
602 

274 7K 3 h'uren 
274 7K4 A I f o r d  

7L2 Ayrsh i re  ( l i k e )  602 
7L4 F r  i nce ton 274 
7x2 Remsen 702 

7x3 
7x8 
804 
806 
812 

Geeburg 623 
Miner s 19 
Loudonv i l le  404 
Loudonvi I l e  . 404 
F a l l s b u r g  ( l i k e ) ,  

2 p r o f i l e  702 

813 F a l l s b u r g  ( l i k e ) ,  

614 
833 
84 2 

3 p r o f i l e  
Fa I l sburg  
Cana 
Coloma ( l i k e ) ,  

2 p r o f  i l e  
845 Co I oma 

5 p r o  

852 Ohokee 

853 Ohokee 
8532 ( E r i e  Co) Galen 
855 Spinks 
8C 2 S t a f  f o r d  

2 pro 

i ke ) ,  
l e  

i ke ) ,  
l e  

903 Vaughnsv i l le  
905 Be lmore 
912 Fu I ton 
913 Lucas 
918 To I edo 

9188 To I edo 
9189 To I edo 
919 Bono 
922 . Tedrow 
923 Ohokee 

703 
604 
443 

9 22 

8 55 

9 22 
855 
953 
855 
922 

602 
27 5 
622 
623 
9 19 

919 
9 19 
9 19 
9 22 
855 
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(2 )  (3 )  (2 )  ( 3 )  

935 
958 

938 

938 
958 
932 

932 
935 
855 
935 
855 

938 
938 I 
958 
938 I 
001 

001 
952 
953 
953 
958 

958 
950 
932 

938 

Oakv i I I e 
Wauseon 
Wauseon ( I ike)  , 

I f s  & coarser 
Maumee I f s  o r  

coarser 
Maumee f s l  
K i n g s v i l l e  

979 
982 
984 
988 
998 

Monroevi I l e  
W i  lmty 
Ruggles 
Olmsted 
K i  I ldeer 

9 19 
602 
274 
608 
636 

9 25 
9 28 
9282 

929 

9A2 
9A3 

9A8 
982 

9k4 

9294 
9314(Ash Co 

Kibbie 
Tusco I a 
S i sson 
Co lwood 
De l  Rey 

602 
274 
274 
608 
682 

932 Morocco 
933 . Nekoosa 
9332tAsh Co) Elnora 
935 P l a i n f i e l d  
9352(Ash Co) Colonie 

983 
988 

Shinrock 
Lenawee 

683 
ti08 

9c3 
9c4 
9M2 
9M32(Erie Co) 
9x8 
X 

Berr ien ( l i k e )  
Ohema ( IJke)  
Me tamora 
Me tea 
L a t t y  
Wash tenaw 

938 Granby I f s  o r  

938 I N e w  ton 
9384 Granby, f s l  
939 D i  I Ion 
940 Warners 

coarser 
855 
855 
952 
953 
919 
I18 

A I  (Ross Co) A l v i n  949 Warners 
952 Rimer 
953 S w a r d  
954 Seuard,4 prof 
9584(Henry Co) G i l f o r d  

275 
275 
406 
392 
443 

Bo (Wi l l iams Co) Boyer 
Br .  (Rich. Co) Berks 
Cd(Co1umbiana Co)Carode 

, Cw (Ross Co) Cruze 
l e  

Dk (Rich.Co) Pavon i a 
Do (Logan Co) Door 
D t (Wash .Co 1 *Duncannon 
Ka (Wi l l iams Co) Kalamazoo 
La(Columbiana CoILaidig 

9584 Wauseon 
959 Neapo I i s  
96 I Swan ton 
9614 Swanton ( I i kel, 

s i  I t y  subst. 

406 
P604 
274 
274 
404 

962 Painesvi I l e  ( I  i ke )  
2 prof  i l e  952 Ma (Clark Co) MahaIasviI Ie 

Pk (Ross Co) Pek i n  
Rd (Huron Co) R i f l e  
Sh (Wash. Col Shelocta 
Wo(Co1umbiana Co)Wharton 

608 
274 
009 
443 
443 

962 

963 
963 

964 
968 
97 I 

972 
973 

978 

Swanton ( l i k e ) ,  

C I arerack 
P a i n e s v i l l e ( l i k e  

3 p r o f i l e  
Pa inesv i l l e  
Reyno I ds 
Canad ice 

2 p r o f i l e '  952 
953 

953 
953 
958 
70 1 

702 

703 
919 

T2 
T3 8irkbeck , 

T4 . Man I ove 
T8 Ragsda I e 
x4 Wawaka 

Reesv i I I e 602 
274 
274 
608 
604 

Caneadea 
Caneadea ( l i k e ) ,  

3 p r o f i  1.e - ~ 

Lora i n 

P256 Lorenzo 

P603 Corwin ' 
.P602 Ode1 I 

256 
60 2 
P604 

. .  
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( 1 )  (2) ( 3 )  

P604 Parr P604 
P646 C hannahon 646 
P672 Raub 602 
P673 Dana P604 
P674 Sidel  I P604 

P684(Warren C o I P l a t t v i l l e  486 
P693 Cardington ( l i k e )  

P912 Danbury 622 
P6B2 E l  I i o t t  602 
P6B3 Varna P604 

dark surface P604 

P9Az Darroch 602 
P9A3 Foresman P604 
P9A4 Jasper P604 

S406 Muskingum stony S40 
S406 G i l p i n  stony 540 

S486 Wes tmore I and rocky S5 I 
5506 Brooke-Upshur 

rocky 551 
S 5 1 6  Fa i r m u n  t S5 I 
s526 H e i t t  rocky S 5  I 
5536 (High.Co1 Opequon 55 I 

S 576 ’*. .  B rat ton ( l i k e ) ,  

X 8 5 5 0  
. rocky S5 I 

(Henry Col Arkport  953 

U,SDA.SCS.MVAW,VlLLf. I D .  I S 7 0  I 

r 
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